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The history of fundamental knowledge shows that its development has always been accompanied with the inconsistent attitude 
from the society. Admiration, desire to understand unknown, misunderstanding, scepticism and categorical denial have always been 
comprehensively mixed in the structure of the traditional social reaction to achievements of natural-science and mathematics. 

However knowledge of fundamental bases of life and mathematical tools of objective reality and abstract elements analysis 
is closely connected with public progress. Its actual improvement could be stopped only by termination of human evolution 
process. 

Development of the society predetermines formation of new demands requiring satisfaction in mental enviromnent. Eventually 
such requirements always become more and more comprehensive. The knowledge intensity of the mechanism of their satisfaction 
inevitably increases. At the same time being in the continuous process of consumption of social benefits the person rarely realizes 
the fact that many personal demands (even the most primitive) are satisfied in a way based on outstanding discoveries. 

While thinking about this idea, it is easy to come to a conclusion about major injustice of the social attitude to the fundamental 
knowledge: they aren’t popular - often they are not interesting for people; natural-science and mathematical concepts are generally 
understood as excessively difficult and boring matters; many people consider such knowledge as useless; scientists working in this 
sphere are seldom famous. . . 

However one shouldn’t be too quick in making conclusions. The person is always afraid of the unknown. . . But the person always 
seeks for it. It is in the basis of the Homo sapiens nature. Comprehension of a mystery is always something like a fairy tale, a 
miracle. A person unaware of the core of things going on around will inevitable treat the unknown watchfully. 

On every next stage of development fundamental sciences often considerably expand borders of human knowledge. Every such 
scientific breakthrough will be considered by the majority of members of the society as a miracle... Certain detachment of mass 
consciousness from fundamental studies is not a consequence of neglect, but the result of contact of unready intellect with deep 
mysteries of life. 

Thomas Morgan 

Head of the IASHE International Projects Department 

August 11, 2014 



GISAP: Physico-Mathematical and Chemical Sciences A«3 Liberal* (August, 2014) 

Chief Editor - J.D., Prof, Acad. Pavlov V.V. 

Copyright © 2014 IASHE 

ISSN 2054-6483 
ISSN 2054-6491 (Online) 

Design: Yury Skoblikov, Helena Grigorieva, Alexander Stadnichenko 

Published and printed by the International Academy of Science and Higher Education (IASHE) 

1 Kings Avenue, London, N21 1PQ, United Kingdom 

Phone: +442032899949, E-mail: office@gisap.eu, Web: http://gisap.eu 

^ No part of this magazine, including text, illustrations or any other elements may be used or reproduced in any way without 
• the permission of the publisher or/and the author of the appropriate article. 

Print journal circulation: 1000 

“* - Liberal - the issue belongs to the initial stage of the journal foundation, based on scientifically reasonable but quite liberal editorial 
policy of selection of materials. The next stage of development of the journal (“Professional”) involves strict professional reviewing and 
admission of purely high-quality original scientific studies of authors from around the world”. 



GISAP 

PHYSICS, MATHEMATICS AND CHEMISTRY 

CONTENTS 

S. Zykova, Perm Institute of the Federal Penitentiary Service, Russia 

STUDY OF BIOLOGICAL ACTIVITY OF PRODUCTS OF SYNTHESIS OF TETRAKETONES 

WITH ARYLIDEN ARYL AMINES 3 

N. Mamulaishvili, Batumi Shota Rustaveli State University, Georgia 

T. Mamedova, Research Institute of Petrochemical processes, Azerbaijan 
T. Hitarishvili, Georgian Technical University, Georgia 

CONCRETION OF ASPHALTIC-RESINOUS COMPOUNDS OF THE WORKED-OUT MOTOR OIL 

WITH USE OF CHEMICAL REAGENTS 5 

E. Suleimenov, Kazakh-British Technical University, Kazakhstan 

DETERMINATION OF THE MICRO-STRUCTURE ELEMENTS COMPOSITION OF NON-ORGANIC 

AQUEOUS SOLUTIONS ON THE EXAMPLE OF VANADIUM PENTOXIDE SOLUTION 7 

E. Alikina, M. Degtev, Perm State University, Russia 

EXTRACTION OF IONS OF Zn AND Cd FROM THIOCYANATE SOLUTIONS 

BY MELTS OF MIXTURES OF DI ANTIPIRILMETH ANE AND BENZOIC ACID 12 

M.I. Degtev, S.I. Rogozhnikov, O.N. Popova, A.A. Yuminova, Perm State University, Russia 
DELAMINATING SYSTEM ANTIPYRINUM - SULFOSALICYLIC ACID - WATER 

AND ITS APPLICATION FOR EXTRACTION OF IONS OF INDIUM (III) AND STANNUM (II, IV) 16 

O. Schuchkina, I. Kirillova, Saratov State University named after N.G. Chernyshevsky, Russia 

MODELING THE HEMODYNAMICS OF CORONARY ARTERIES TAKING THEIR INTERACTION WITH 

THE MYOCARDIUM INTO ACCOUNT 19 

L. Atyuckaya, A. Bebiya, M. Boronenko, Ugra State University, Russia 

EXPERIMENTAL STUDY OF SOLID-FLAME COMBUSTION BY THE NI-AL SYSTEM METHOD 

OF HIGH-SPEED VIDEO FILMING 23 

Yu. Khlopkov, V. Zharov, M.M. Zay Yar, Moscow Institute of Physics and Technology, Russia 

CERTAIN PROBLEMS OF LASER GAS DYNAMICS 28 

A. Kudryavtsev, Higher School of Social Technologies, Latvia 

SPATIAL MULTI -DIMENSIONALITY OF THE REAL WORLD 31 

G. Mukhamedrakhimova, Kokshetau State University named after Sh. Sh. Ualikhanov, Kazakhstan 
K. Mukhamedrakhimov, L.N. Gumilyov Eurasian National University, Kazakhstan 

DETERMINATION OF CONDITIONS OF FORMATION OF STUDENTS’ GENERAL PHYSICAL WORLD 
OUTLOOK IN ORDER TO IMPROVE FUTURE PROFESSION 35 

A. Kryukov, Siberian Federal University, Russia 

I. Kriukova, General secondaty school N° 10, Krasnoyarsk, Russia 

DETERMINATION OF EXPERT QUALITY ASSESSMENTS 38 


1 



GISAP 

PHYSICS, MATHEMATICS AND CHEMISTRY 

CONTENTS 

3biKoea C.C., IJepMCKuu uHcmumym <t>CMH Poccuu, Poccun 

M3YMEHME EHOJIOrEIMECKOH AKTIIBHOCTII IIPO/1YKTOB CIIHTE3A TETPAKETOHOB 

C APII.III.U H \PII.I WHIM Will 3 

MaMyjiaHuiBHJiH Ynueepcumem Uloma Pycmaeejiu, rpy3un 
MaMe/iOBa T.A., HPIPI HeipmexianmecKux npoifeccoe, A3ep6aud.ncaH 
XiiTapiiuiBiiJiii T.,0,., rpy3imcKuu mexmmecKuit ynueepcumem, rpy3un 

OCA3IC/IEIII IE AC<DAJ I ETO-CMOJI HCTEIX COE^HHEHHH OTPAEOTAHHOrO MOTOPHOrO MACJIA 

C IIPIIMI III IIIII M XIIMIIMI Ck'IIX PEAI I II K)B 5 

CyjieiiMeHOB 3.H., KcaaxcmancKo-EpumaHCKuu Texurnecicuu Ynueepcumem, Ka3axcmciH 

01 IPE/XEJIEI I Hi : COCTABA 3JIEMEHTOB M I I K P( ) CT PY KTY PEI I IEOPIAI II IMECKI IX BOflHEIX 

PACTBOPOB HA nPIIMEPE PACTBOPA I IEI ITAOKCH/IA BAIIAAIIM 7 

AjuiKtma E.H., ,Z],erTeB M.H., PlepMCKuu zocydapcmeennuu ynueepcumem, Poccm 

3KCTPAKI HIM IIOHOB Zn H Cd 113 TIIOHI I Al IATI ll>IX PACTBOPOB PACnJIABAMII CMECEH 

. U 1 XHIT II II IPI 1- IXII E XI I X H EEH30HH0H KIICJIOTEI 12 

/Umtcb M.H., Poro>KHHKOB C.H., HonoBa O.H., lOMiiHOBa A.A., ITepMcmu zocydapcmeennuu 
HaifuoHcuibHbiu uccjiedoeamejibCKuu ynueepcumem, Poccun 

PACCJI A M B A HD LU A H CM CHCTEMA AHTHEIHPHH - CYJ1 bcDOCAJl H HHJ10BA A KHCJIOTA - BO/IA 
H EE nPIIMEHEHIIE JJJ1X 3KCTPAKI H il l IIOHOB HH^PW (III) H OJIOBA (II, IV) 16 

IHyHKHHa O., KiipmuioBa H.B., CapamoecKuu zocydapcmeennuu ynueepcumem um. HT. UepHuiueecKozo, Poccun 
MO/1EJIHPOBAI II IE rEMO^HHAMHKH KOPOHAPHEIX APTEPHH C YHETOM IIX B 3 A H M OJl E H CT B II PI 
CMHOKAP^OM 19 

AnouKaa JI.IO., IXffiu a A.r., EopoHeHKO M.EL, POzopcKuu zocydapcmeennuu ynueepcumem, Poccun 
3KCI lEPIIMEI ITAJIEI l()E IICCHE/IOBAI IIIE TBEETOI IJIAMEI II IOEO lOPEIIIIM CPICTEMEI NI-AL 

mi ro;io\i ckopocthoh bii;u oci.iMkii 23 

XjionKOB H3.H., VkapoE B.A., 3ea M.M., MocKoecnuu (piauKo-mexHimecKiiu uncmumym, Poccun 

HEKOTOPEIE nPOEJIEMEI JIA3EPHOH EA30JU II I A M I I K I I 28 

KyapHBueB A.B., Bucuian umojia coifuanbHux mexHOJiozuii, JIameun 

nPOCTPAHCTBEHHAil MHOTOMEPHOCTE PEAJIEHOrO MIIPA 31 

MyxaMe/ipaxHMOBa T.H., KoKwemaycicuu zocydapcmeennuu ynueepcumem um. UIomHa YamixaHoea, Kcuaxcmcm 
MyxaMe/ipaxHMOB K.Y., Eepa3uiicKuii HaifuoHcuibHbiu ymieepcumem um. JIbea ryMWieea, Kcvscixcmcm 

BEWBJIEHIIE YCHOBIIH (POPMHPOBAI HIM Y CTY^EIITOB Obi I (Eli (MI3HHECKOH KAPTIIHEI MIIPA 

J\m COBEPIIIEHCTBOBAHILH EYZ],yiIJ,EH nPO<DECCHII 35 

KpioKOB A.3>., CudupcKuii (pedepajibHuii ymieepcumem, Poccun 
KpiOKOBa H.A., CLIP N°10 MO z. KpacHonpcm, Poccun 

OnPE7(EJIEHHE 3KCnEPTHEIX OIJEHOK KAHECTBA 38 


2 


GISAP 

PHYSICS, MATHEMATICS AND CHEMISTRY 

mynmm ehojiofhheckoh 

AKTHBHOCTH nPO^YKTOB 
CHHTE3A TETPAKETOHOB 
C APHRH^EHAPHJIAMHHAMH 


STUDY OF BIOLOGICAL ACTIVITY 

OF PRODUCTS OF SYNTHESIS 
OF TETRAKETONES WITH ARYLIDEN 
ARYLAMINES 

S. Zykova, Candidate of Pharmaceutical sciences 
Perm Institute of the Federal Penitentiary Service, Russia 

The author presents main stages of synthesis of new biologically 
active oxazines, obtained as a result of the reaction: l,6-diaryl-3, 
4-dihydroxy-2,4-hexadiene-l,6-dione with various Shiff bases. 
Obtained compounds have shown the antioxidant activity on the model 
of oxidative stress on the culture of bacterial cells Escherichia coli 
BW 25113. These compounds are promising for further studying of 
other kinds of biological activity. 

Conference participant, National championship 
in scientific analytics 


3biKOBa C.C., KaHtt. (JiapManeBT. HayK 
nepMCKHH HHCTHTyT <PCHH PoCCIDI, PoCCIM 

B pa 6 oTe o 6 oiiia'ieiiF,i ocHOBHbie iTauu cmrre 3 a hobbix 6 iiojio- 
niHecKH aicriiBHbix OKca 3 HHOB, FioJiy'iciiiii.ix b pcxyjiiuaTe peaKmiii 
1 . 6 -;[napii.:[- 3 , 4 -;pim;[poKcu- 2 . 4 -icKca;[HCFi- 1 , 6 -anoHa c pa 3 Hoo 6 pa 3 Hbi- 
mh ociioiiaiiFisiMH UIpi<|) 4 )a. I [o.iyieiiiiF.ie coc/fhficiihx noKa 3 ajm 3 hth- 
OKCFF, : [a[ri Fiyio aKTUBHOCTb Ha mo.ffcjih oKcunamBHoro CTpecea Ha kv.iii,- 
Type fiaicrepHajibHbix kjictok Escherichia coli BW 25113 h xibj ihfo icxi 
nepcneKTHBHbiMH /lih flajibHeiimero rayueHna ppyi FFX bh/job 6 fio:ioi if- 
HecKoir aKTHBHOCTH. 

y uacTHHK KOH(j)epeHHHH, [ laiuioirajii.iioio nepBeHCTBa 
no HayuHOH aHajiHTHKe 


O ^hoh H3 BatKHeirniHX npHKJiaqHbix 3aqaq CHHTeTHuec- 
Koir xhmhh aBJiaeTca noJiyueHHe hobbix 6HOJiorHuecKH 
aKTHBHBix coeuHHCHHH. B KauecTBe cy6cTpaTa q jm nojiyueHHa 
T3KHX BemeCTB 6bIJI BBl6paH l,6-qHapHJI-3,4-qHrHqpOKCH-2,4- 
reKca^HeH-l,6-HHOH, KOTopbifi BCTynaeT b peaKitHio c pa3- 
jihhhbimh apHJi tt ,3 e h ap tt Jt a m tt 1 1 a m tt - ocHOBamwMii Ulntjxjta. 
PI3BCCTHBIMH oco6eHHOCTBMH CTpoeHiw ocHOBafflift IIlH(J)(J)a 
aBJiaeTca HajniuHe HyKJieotjtHJibHOH uacra aMHHa h 3JieKT- 
poHue<J)HitHTHoro 3BeHa ajibqerHqHoro (JtparMeHTa MOJieKyjiw 
[1], PaHee 6bijih npoBeqeHbi KBaHTOBO-xiiMiiuecKHe pacueTbi 
c yueTOM bcjihhhh TenjioT o6pa30BaHiM (T o6p ) h KannaHap- 
hocth MOJieKyjiw l,6-qHapHJi-3,4-qHrHqpoKCH-2,4-reKcaqHeH- 
1,6-HHOHa, KOTopwe noKa3ajiH, hto b pacTBopax Haii6oJibineH 
ycToiruHBOCTbio o6jiaqaeT KeTOHHaa (jiopMa l,6-qHapHJi-3,4- 
qHrHqpoKCH-2,4-reKcaqHeH-l,6-qHOHa [2] (puc 1). 

B3aHMOneircTBHe 1 ,6-qHapHJi-3,4-reKcaqHeH-2,4-reKca- 
UHeH-l,6-^HOHa c pa3Hoo6pa3HbiMH ocHOBaeiMMir IIlH(J)(J)a 
npiiBOttHT k o6pa30BaHHio 6-apHJi3aMemeHHbix-4-6eH30HJia- 
qeTHJi-4-rHapoKcn-5,6-HHrHapo-4H-l,3-OKca3HHaM (puc. 2), 
npencTaBJiaioT co6oh KpHCTajuiHuecKiie noponiKii aceJiToro 
HBeTa, pacTBopuMbie b qHMeTHJicyjib(}>OKCHqe, ttHMeTHJi(J)op- 
MaMHtte, 6eH30Jie, Tonyone, TpyttHo pacTBopHMbie b 3TaHOJie, 
xjiopocJtopMe, HepacTBopiiMbic b Boqe. 


CneKTpajibHbie xapaicrepHCTHKH npoqyKTOB B3aHMoqeiicT- 
bim 1 ,6-qHapiui-3 ,4-qHrHqpoKCH-2,4-reKcaqHeH- \ ,6-^jioHa c 
apHJi H.aeHapHJiaM h hum 11 cBHqeTeJibCTByioT b noJiB3y npeqno- 
tKeHHoir CTpyKTypbi [3, 4], 

noJiyueHHbie b xoqe peaKqini OKca3HHbi o6jiaqaioT Hexo- 
TOpblM CXOUCTBOM C H3BCCTHBIM aHTHOKCHqaHTOM nOJIH(J)e- 
hojibhoh CTpyKTypbi - pecBepaTponoM. 

B nocneqHee BpeMa 6oJibinnHCTBO HccJieqoBaHHH qoKa- 
3bIBaiOT, HTO B OCHOBe pa3BHTHfl 6oJIbIHHHCTBa naTOJIOTHHeC- 
khx npoqeccoB HaxoqHTca o6iqee TOKcquecKoe coctouhhc, 
HMeHyeMoe OKCHqaTHBHbiM CTpeccoM. Pojib HHiiqiiaTopa 
b ero (JiopMqpoBaqHH qrpaioT CBo6oqHbie paqHKajibi (CP) 
- xnMnuecKHe BeiqecTBa c ouhhm BancHTHbiM sjieKTpoHOM, 
o6naqaioiqHe qpe3BbiuaHHOH aKTHBHOCTbio. B OCHOBe Mexa- 
HH3Ma o6pa30Baqiw CP - H3BecTHbie qeqqwe peaKqqq, koto- 
pwe 6biJin oqqcaHbi n HccJieqoBaHbi Ho6eneBCKHM naypeaTOM 
H.H. CeMeHOBbiM. B pe3yjibraTe qyna CP b opraHH3Me qoaB- 
jiaioTcaaKTHBHbie (JiopMbiKircjiopoqa (Ac&K), KOTopwe o6pa- 
3yioTC5i b yMepeHHwx KOJinuecTBax b qpoqecce HopMajibHofi 
5KH3HeqeaTejibHOCTH kjictkh h 3HauHTejibHO yBenHUHBaioTca 
qpq rqqoKCHii, jih6o upe3MepHOH Harpy3Ke Ha MHTOxoHqpHH. 
AOK caMH aBJiaioTca CBo6oqHbiMH paqHKanaMH h OTJiHuaioT- 
ca pa3JIHHHOH CnOCo6HOCTbKJ K OKCHqaqHH. EojIbinUHCTBO 



Phc. 1 . Cxeiwa ofipatoBamiti TayTOMepoB 
l, 6 - iitapit.i- 3 , 4 - im it,ipoKcit- 2 , 4 -[ CKca iiteH-l, 6 -,int)Fia b pacTBopax 


Phc. 2 . OSmaa cipyKi vpiiati 
tjiopMyjia 6 -apHJi 3 aMemeHHbix- 
4 - 6 eH 30 HJiaueTHJi- 
4 -[It,ipOKCH- 5 , 6 -.IH[H.ipO- 
4 H-l, 3 -OKca 3 HiioB 
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y/jejibHbiH pocT E.coli BW25113 3a 1 nac 
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■ yAe/lbHblfi POCT E.coli 
BW25113 3a 1 nac 


Phc. 3. y,aejibiibiH pocT E.coli BW 25113 3a 1 nac 


cbo 6 ohhhix pannKajioB OTJiHHaeT BbicoKan xiiMii l iecKan aKTHB- 
hoctb h cnoco6HOCTb OKa3biBaTb MacciiBHoe noBpeayiaioiqee 
HeficTBHe Ha MeM6paHHbie Jinnn/ihi, 6eJiKOBbie BemecTBa h 
X1.HK. EcTecTBeHHoii «3aiqHTOH»OT arpeccim AOK hbjbhotch 
COeHHHeHIM C pa3JIHHHOH XHMHHeCKOH CTpyKTypoft, HMeiO- 
iHHe o6mee (jiyHKquoHajibHoe Ha3HaneHne h Ha3Baene «aHTH- 
OKCHHaHTbi». B nocJieHHee BpeMfl 6oJibinoe 3HaneHHe yqejra- 
k>t noHCKy 6HOJiornHecKH aKTHBHbix BemecTB, o6naHaiomHX 
aHTHOKCHHaHTbIM qeHCTBHeM. 

PaHee 6biJio qoKa3aHO, hto aHTHOKCiiqaHTHafl aKTHBHOCTb 
o6ycjiaBJiHBaeTCH HecKOJibKHMii MexaHH3MaMH: npuMoe cbh- 
3biBaHne CB060HHHX pa^HKanoB (Rice-Evanset al., 1995), 
xeJiaTHpoBaHHe hohob MeTajuioB, HanpiiMep aTOMOB 5Kejie3a b 
peaKiiHH OeHTOHa (AcjiaHacbeB c coaBT., 1989). 

AHTHOKCHHaHTHaa aKTHBHOCTb H3yqajiacb Ha HITaMMe 
6aKTepHH EscherichiacoliBW 25113, BbipaiqeHHOH a3po6HO Ha 
MHHHMajIbHOH 5KHHKOH nHTaTejIbHOH Cpeqe M9 C Ho6aBJieHH- 
eM raioK03bi. HccjieflOBaHra npoBoqHJiii b jia6opaTopnn roy- 
HeHIM (J)H3HOJIOTHH MHKpOOpraHH3MOB B IlHCTHTyTe 3KOJIOTHH 
h reHeTHKH MHKpoopraHH3MOB ypanbCKoro OTHeJieHHH PAH 
(nepMCKHH (JlHJIHaJl) (OKTfl6pbCKHH O.H., CMHpHOBa EB., 
CaMoiraoBa 3.IO.). npn co3qaHHH MoqejiH oKCHqaTHBHoro 
CTpecca 0,6 mM pacTBopoM nepoKCHqa Boqopoqa Ha Kyjib- 
Type KJieTOK HiTaMMa E.coliBW 25113 HccJieqoBajiH yqejib- 
Hbiil pocT KJieTOK 3a 1 nac b npucyTCTBim Herapex BemecTB 
H3 rpynnbi OKca3HHOB. Pe3yjibTaTbi HccjienoBaHUH noKa3ajiH, 
hto uccjiejiOBaHHbie coeHHHeHHfl o6najiaioT 6nojiorHHecKOH 
aKTHBHOCTb K) (pHC. 3). 

BwnojiHeHHbie HccneqoBaHiM CBHqeTejibCTByioT o tom, 
hto coeHHHeHHH JVs 1 h JNs 2 o6jiajiaioT npooKcuqaHTHOH, co- 
enHHeHne JNs 3 o6jiajiaeT aHTHOKCiiqaHTHOH aKTHBHOCTbio. 

Ha ocHOBe peaKqHH l,3,4,6-TeTpaKap6oHHJibHbix coeqH- 
HeHHH c ocHOBafflMMii LtlH(J)(J)a nojiyHeHbi 6-apHJi3aMemeH- 
Hbie-4-6eH30HJiaqeTHJi-4-rHjipoKCH-5 ,6 -hhthjipo-4H- 1 ,3-ok- 
Ca3HHbI, KOTOpbie HBJIHIOTCH nepCnCKTHBHbIMH qjIH H3yHeHIM 


hx b KanecTBe aHTHOKCHqaHTOB. 

JIjISl yCTaHOBJieHHH B03M05KHBIX MeX3HH3MOB aHTHOKCH- 
qaHTHoro qeilcTBiM CHHTe3HpoBaHHbix coejiHHeHHH b nep- 
cneKTHBe HHTepec npeqcTaBJBieT HCCJiejiOBaHHe xenampy- 
KtmeH CnOCo6HOCTH OKC33HHOB H HCCHeHOBaHHC BJIHflHHfl 
qaHHblX BemecTB C npOOKCIiqaHTHOH aKTHBHOCTbio Ha 3KC- 
npeccHio reHOB - peryjioHOB KaTajia3bi-rHqponepoKCHqa3bi 
HPI h cynepoKCHjuiHCMyTa3bi Mn-SOD, nocKOJibKy paHee b 
jiHTepaType 6bijih CBeqeHiM, hto npooKcuqaHTHbie sijxjieKTbi 
BemecTB CBH3aHbI C HX CnOCo6HOCTbIO yCHJIHBaTb Bbipa6oTKy 
nepoKCHjia Boqopoxia.PaHee 6biJio noKa3aHO, hto npooKCHqaH- 
THoe qeHCTBue bhocht onpeqeJieHHbui BKJiaq b 3amHTy KJie- 
tok E.coli ot 3HaHHTejibHbix KOHqeHTpaqHH qepoKcqqa Boqo- 
poqa [5]. 
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CONCRETION OF ASPHALTIC-RESINOUS 
COMPOUNDS OF THE WORKED-OUT 
MOTOR OIL WITH USE OF CHEMICAL 
REAGENTS 

N. Mamulaishvili 1 , Doctor of Technical sciences, Full Professor 
T. Mamedova 2 , Candidate of Technical sciences 
T. Hitarishvili 3 , Doctoral Candidate 
Batumi Shota Rustaveli State University, Georgia 1 
Head of the Renewable Fuels Laboratory 
Research Institute of Petrochemical processes, Azerbaijan 2 
Georgian Technical University, Georgia 3 

Worked-out motor oils are essential sources of environmental 
pollution. Large volumes of motor oils are used in all branches of the 
national economy. In the course or their exploitation they are oxidized 
and become useless. In the world practice the worked-out motor oils 
(WMO) are collected and regenerated. This is economically efficient 
and ecologically reasonable. 

Conference participants 

O Tpa6oTaHHwe MOTopHbie Macna (OMM), qpeqcTaBJiaeT 
co6oir CMect KOMnoHeHTOB, KOTopaa KpoMe ochobhoto 
6a30Boro Macna, coqeptKMT (JiyqKqqoqajibqbie qpqcaqKM, 
MeJiKoqqcnepcHbie, MexaqquecKMe npiiMecii h qpoqyKTbi 
OKHCJieHIM. B 3aBHCHMOCTH OT pe>KHMa H UJIHTejIbHOCTb 3KC- 
qjiyaTaqqq OMM qocTMraeT pa3Hbie CTeneHb 3arpa3HCHiw. 
Flpn bbicokom CTeneHir 3arps3HeHH« ouqcTKy OMM qpoBoqaT 
pa3HbIMH CnOCo6aMH MHOrOKpaTHO. 

B qaHHoir pa6oTe paccMOTpeHbi Bonpocw ocaacqeqqa 
acijtajibTO-CMOJiHCTbix coeqHHeHHH OMM MapKii <Castrol 
15W-40>, cpeqqeq 3arpa3qeqqocTM. 

IIcxoqHbie (j>M3MKO-XMMMuecKMe napaMeTpw OMM qpMBe- 
qeHbi b Ta6jiHqe 1 . 


OCA>R'HEHHE ACOAJIBTO-CMOJIHCTbIX 
COE^HHEHHH OTPAEOTAHHOTO 
MOTOPHOTO MACJIA C nPHMEHEHHEM 
XHMHHECKHX PEATEHTOB 

MaMynaHmBHJiH H./j. 1 , n-p TexH. Hayx, npoij). 

MaMeqoBa T.A. 2 , KaHq. TexH. Hayx, 

XnTapiimBIIJIH T.^j. 3 , flOKTOpaHT 
ymiBepciiTeT IIIoTa PycTaBemr, Tpysna 1 
3aB. jiabopaTopmi BosobHOBJiaeMbix TonmiB 
HHH HeijiTexHMHuecKiix npoqeccoB, AsepbaiiqacaH 2 
TpysHHCKinr TexmmecKHH ymiBepciiTeT, Tpysna 3 

Oipadoraiim.ie iiejrurtn.ie Macna aanaiOTca o/iiihm 113 cymecTBeH- 
Hbix hctouhiikob 3arpn3Hemia ()Kpy>Kaio[i[cn cpevu.i, bo Bcex OTpacnax 
iiapo/moio xo3ancTBa pacxo/iycTca oojn.moc ko.ih'tcctbo MOTopHbix 
Macen, KOTopbie b nponecce 3K0njiyaTaqnH oKHCJiaioTca, 11 c'raiiopnnca 
iienpifi o/uibiM. B MitpoBOM npaianKe oipadoraiiin.ie MOTopHbie Macna 
(OMM) codnpaio'i 11 no/uiepiaioi k peicFiepaumi, uto aBnaerca 3 koho- 
MitnecKn BbirojutbiM it 3KononiuecKii uenecoo6pa3HbiM. 

y nacTHHKH koi iipepc 1 1 u nn 

AccjiajibTO-CMOJiqcTbie BeiqecTBa (ACB) qecjmi h qeijiTa- 
qwe ocTaTKq qpeqcTaBJiaroT co6oir reTepoapoMaTMuecKMe co- 
eqqqeqqa, KOTopwe, KpoMe yrjiepoqa q Boqopoqa, conepacar 
cepy, a30T, KMCJiopoq m MeTajuibi, TaKqe, KaK Baqaqqq, qqKCJib, 
5Kejie30, MOJiq6qeq q T.fl. 

Coqepacaqqe ACB b Taacenbix qeijiTaqbix ocTaTKax ko- 
jie6jieTca b qoBOJibqo mqpoKOM qqaqa3oqe: ot 40% qo 60%. 
B 3aBqcqMOCTq ot Bqqa qecjiTM, (jipaicqqq, qeperoqaroiqqeca 
Bbime 400-450 °C, MoryT mojimoctbio cocToaTb M3 reTepo- 
aTOMqwx coeqqqcqqir [1], 

Bbiqeneqqe qqqMBMqyajibqbix accjiajibro-CMOJiMCTbix Be- 
iqecTB M3 Taacejiwx qecjrraqbix ocTaTKOB bo3mo5kmo jimoib c 
qpMMeqeqqeM 3KCTpareMTOB. B 3aBHCMMOCTM ot SKCTpareq- 


TaSjiqqa 1. 

<I>H3HKO-XHMHHecKaH xapaKTcpMCTHKa OMM MapKH, <Castrol 15W-40> 



HaiiMeqoBaqqe qapaMeTpoB 

MeToq TecTqpoBaqqa 

E/IHHHtia 

H3Mep. 

Llocjie 

500 KM 

1200 KM 

1 

qjioTMOCTbl5 °C / 20 °C 

ASTM 
D 1298 

TOCT 3900-85 

t./cm 3 

0,87 

0,88 

2 

Khb. Ba3KOCTb qpq 40 °C 

ASTM 
D 445-06 

TOCT 33-85 

Mm 2 / cex. 

79,6 

76,8 

3 

Khb. Ba3KOCTb qpq 100 °C 

ASTM 

D445-06 

TOCT 33-85 

Mm 2 / cex 

11,7 

9,85 

4 

KqcjioTMoe hmcjio 


TOCT 5985-79 

MrKOH/r 

2,55 

2,91 

5 

06iqaa iqejiouqocTb 

ASTM 

D2896 

TOCT 11362 

MrKOH/r 

5,3 

5,2 

6 

TeMqepaTypa BcqbiiqKM 

ASTM 
D 92 

TOCT 4333-87 

°C 

208 

199 

7 

IfMCTMOCTb 

ASTM 
D 1500-98 

TOCT 20284 

UHT eqqqqqa 

>8,5 

>8,5 

8 

Coqepacaqqe Boqbi 

ASTM 

D6304-00 

TOCT 2477 

% 

Cji. 

Cji. 

9 

CyjibijiaTqaa 30JibqocTb 

ASTM 

D874 

TOCT 12417 

% 

2,3 

2,38 

10 

/],M3JieKTpMH. qpoqqqaeMOCTb 




2,46 

2,68 
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TaSanna 2. 

Texnojioi hmcckhc napaMeTpbi iipii ohhctkc OMM mcio,iom iKCi paKim h 


HaHMeHOBaHHe 

3KCTpareHTa 

TeMnepaTypa 
T °C, 

CooTHomeHHe 

3KCTpareHT/cbipbe 

BpeMJi 

KOHTaKTa 

MHHyT 

BpeMa 

HacTaHBaHHH. 

MHHyT 

3KCTpareHT-l 

10-20 

1:40 

20 

15-17 

3KCTpareHT-ll 

OKp.Cp. 

1:25 

20 

30-40 

3KCTpareHT-lll 

17 

1:10 

20 

50-60 


Ta aciJiajibTO-CMOJiHCTwe BemecTBa qeaaTca Ha caeqyioiqHe 
rpynnbi [2]: 

- HeiiTpajibHbie cmojibi, pacTBopHMbie b nerKOM 6eH3HHe 
(neTpoJiefiHOM 3(}>Hpe); 

- accJiajibTeHbi, He pacTBopHMbie b neTpoaeidHOM scjinpe, 
ho pacTBopHMbie b 6eH30Jie; 

- Kap6eHbI, HaCTHHHO pacTBopHMbie TOJIbKO B nHpHHHHe 

h cepoyraepoqe; 

- KapOonqbi - BemecTBa, npaicrHHecKH hh b aeM He pacT- 
BopiiMbie; 

- accJiajibToreHOBbie khcjiotbi h hx aHrnqpHqbi - Bemec- 
TBa khcjioto xapaKTepa, He pacTBopHMbie b neTpoaeidHOM 
3(J)Hpe, ho pacTBopHMbie b cnHpTe 

Ha pHcyHKe 1 npHBeqeHbi (JiparMeHTbi pa3Hbix reTepoqidK- 
HHHecKHX coeqHHeHHH coqepacaiqHe oqHH, qBa h Tpn apoMa- 
THHecKHx hjih reTepoapoMaTHaecKHx Kojibqa. 



Phc. 1. <PparivieHTbi reTepomiKjmHecKHx cotviimemni 


,H,aa BoccTaqoBaeHna 3KcnayaTaqHOHHbix cbohctb, 
OMM HaMH 6biao oqpo6oBaHbi pa3Hbie MeToqw o6pa6oTKH: 
qeHTpHiJiyrHpoBaqHe, KidcaoTHO-iqeaoaHaa oancTKa, aqcop- 
6qnoHHaa oancTKa, ocaacqeHiie KoaryaaHTaMH. HanayamHe 
pe3yabTaTbi 6bian noayaeHbi qpq Hcnoab30BaHHH KOMno- 
3H qHOHHbix CMeceid xhmhhcckhx peareHTOB. B KaaecTBe 
XHMHHecKHX peareHTOB 6biao Hcnoab30BaHO CMecb opramd- 


qecKHX h HeopraHHHecKHX khcjiot (3-4), KOTopwe o6ecne- 
hhjih ocaacqeHiie reTepoqHKaHaecKHX coeqHHemdid OMM. 
npoqecc SKCTpaKqHH npoxoqnaa b HecKoabKiix CTaqnax. 
npq HacTaHBaHHH o6pa30Baaacb cjioh Macaa h rycToid aep- 
Hbiii cjioh. OqqiqeHHoe Macao nponycKaan aepe3 KoaoHKy c 
K2C03 qaa noaHoid HeidTpaaH3aqidH. OnTHMaabHbie peafHMbi 
TexHoaorHaecKHX napaMeTpoB npoqecca SKCTpaicqHH OMM 
npHBeqeHbi b TaOanqe 2. 

CTeneHb ocBeTaemda Macaa KoaeOaaacb b npeqeaax 
92,7% - 95,5%. noJiyqeHHbiid rycToid qepHbiid caoil oTqe- 
aaan ot Macaa qeHTpHijiyrHpoBaHHeM a 3aTeM., noBTopHO 
Hcnoab30BaaH qaa SKCTpaKqHH Macaa. B KOHqe noqBepraan 
TepMiiaecKoid o6pa6oTKe T = 300 °C qaa noayqemda kokco- 
Boro KOHqeHTpaTa. 

npoBeqeHHbie HccaeqoBaHida noKa3aaH, hto oaHCTKa 
OMM TpyqoeMKaa TexHoaorna id Hcnoab3yeMbiH MeToq skc- 
TpaKqHH oOecneaHBaeT scJxJieKTHBHoe yqaaeHHe npoqyKTOB 
OKidcaeHida OMM. B OTanaHe ot qpyrnx MeToqoB, MeToq 
SKCTpaKqqH oOecneaHBaeT CTa6qabHOCTb SKcnayaTaqidOH- 
hbix cbohctb oaHiqeHHoro Macaa. 

References: 

1. npocKypaKOBa B.A. XHMHa HecfiTH h ra3a. - JleHHHr- 
paq: XHMHa, 1989. 

2. YHrep OT. <I>yHqaMeHTaabHbie acneKTbi xhmhh 
H eiJiTH. npnpoqa CMoa h accJiaabTeHOB. - HobochOhpck: 
Hayna, 1995. - 192 c. 

3. 7(MHTpHeBa 3.T., ABepHHa H.B. naTem Pocchhckoh 
<f>eqepaqHH. 

4. npoKonbeB II. A., HyaKOB II. n. naTeHT Pocchhckoh 
cDeqepaqHH. 
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DETERMINATION OF THE 
MICRO-STRUCTURE ELEMENTS 
COMPOSITION OF NON-ORGANIC 
AQUEOUS SOLUTIONS ON THE EXAMPLE 
OF VANADIUM PENTOXIDE SOLUTION 

E. Suleimenov, Doctor Technical sciences, Full Professor 
Kazakh-British Technical University, Kazakhstan 

Results of experimental determination of the chemical composition 
of elements of the microstructure of the vanadium pentoxide solution 
are presented in the reports. 

Conference participant 

H ayuHO-HccneflOBaTejibCKHe pa6oTE>i b o6jiacTH co3qaHHS 
HHHOBamiOHHbIX TeXHHHeCKHX peilieHHH B XHMHteCKHX 
n MeTajuiyprHuecKHX TexHonorunx BbinojiHaioTca c trcnojib- 
30BaHHCM TeOpeTHHeCKOH 6a3bl, KOTOpafl «KaHOHH3HpyeT» 
[HanpiiMep, 1] npeqcTaBqeHiM o MHKpocTpyKType Heopra- 
HiiuecKHX BoqHbix pacTBopoB h OKCHttHbix pacnjiaBOB. ToJIb- 
KO 3TH tKHqKOCTH, no COBpeMeHHbIM npeqCTaBqeHHJIM, pac- 
CMaTpHBatoTcs b KauecTBe 3JieKTpoJiHTOB [HanpiiMep 2, 3]. 
IIccjieztOBaHiM xtiMtiuecKiix h MeTaqnypriiuecKiix chctcm; 3a- 
nacTyio 6a3HpyeTca Ha «cneqHaqH3aqim» (JiyHqaMeHTaqbHbix 
HCCJieqoBaHHH, Korqa MHKpocTpyKTypa h cocTOflHHe Bemec- 
TBa He nBJineTca ochoboh qua o6o6meHHa SKcnepHMeHTaqb- 
hbix qaHHbix, a bo raaBy yraa CTaBHTca xiimhhc CKiiii cocTaB 
TexHOJiorHuecKnx npoqyKTOB. B to BpeMa icaic MetK(J)a3Hoe 
pacnpeqeaeHHe komhohchtob, 3aBHcamee ot CTpyKTypHbix 
h KHHCTHuecKHX ycjiOBHH hx cymecTBOBaHna, aBJiaeTca oc- 
HOBonoJiaraiomHM b xiiMiiuecKHX h MeTajmypriiuecKHX Tex- 
HOJiornax. BMecTe c TeM b HayuHO-TexHHHecKOH jimepaType 
ecTb ny6aHKaqHH, aBTopw KOTopwx paccMaTpHBaioT MiiKpo- 
CTpyiaypy qmqKHX CHCTeM c no3nqnn MOJieKyjiapHOH Teopini 
[HanpiiMep 4, 5]. MHorae aBTopw npn pa3pa6oTKe TexHOJio- 
niuecKiix npoqeccoB ncqoJib3yiOT b cbohx HccaeqoBaquax 
qpeqcTaBaeqiia o MoaeicyaapqoH qpqpoqe qeopraqiiuecKiix 
Boqqwx pacTBopoB [qaqpiiMep 6]. OqqaKO qpeqcTaBaeqiia o 
(JiopMHpoBaqiiii MHKpocTpyKTypbi qeopraqiiuecKiix Boqqwx 
pacTBopoB na ocHOBe npunqiina caMonpoH3BoabHOH 3JieKT- 
pojiHTHnecKOH qHccoqiiaqmi npn pacTBopeHHH TBepqoro Be- 
iqecTBa b Boqe npoqoaacaeT HeraTHBHO CKa3WBaTbea Ha pa3BH- 
Tiiii xiiMiiuecKOH HayKii h pa3pa6oTKe TexHOJioniH [5], HaMii 
Ha npoTaaceHHH mhothx aeT qpoBoqiMHCb HccaeqoBaHiia no 
onpeqeJieHiiio Tiina qpoBoqHMOCTH tKHqKOCTeii, KOTopwe pac- 
CMaTpHBaioTca b KanecTBe saeKTpoJiHTOB; no onpeqeJieHHio 
npunqiina (JiopMHpoBaHiia MHKpocTpyKTypbi sjieKTpojiHTOB, 
HecTaquoHapHbix SHepreTHnecKiix B03qeHCTBHH Ha sjickt- 
poJiHTbi ii qp. Pa6oTbi Beqqcb b HHTepecax co3qaHHa HHHOBa- 
qnoHHbix TexHoaoniH b MeTaqqyprHii ii xiimhh [HanpiiMep 
7, 8, 9, 10, 11]. B xoqe iiccqeqoBaqiiiT 6bmo noKa3aHo, hto 
c(])opMyqHpoBaHHbiH qqa opraqiiuecKiix pacTBopoB BbiBoq 
M.H. YcaHOBHua o tom, hto sqeKTponpoBoqHOCTb atHqKOCTH 
aBJiaeTca aqoMammoq, He HcioiioqeqHe, a qpaBiuio, h MoaceT 
6 biTb pacnpocTpaHeH Ha qpyrne aaiqKHe chctcmbi, (b nacT- 
hocth, OKCHqHbie h OKCHqHO-cyqb(])HqHbie pacnqaBbi, Heopra- 
HiiuecKHe BoqHbie pacTBopw ii BoqHbie pacTBopw noqiiMepoB) 
[HanpiiMep 12, 13, 14], ycTaHOBqeHO, hto xiimhucckhiT cocTaB 
ii TeMneparypa sqeKTpoqHTOB He aBqaioTca iicicqioqHTeqbHbi- 
Mii onpeqeaaioiqiiMii c[>aKTopaMH b (JiopMHpoBaHiiii hx CTpyK- 
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OnPE/IEJIEHHE COCTABA 
3JIEMEHTOB MHKPOCTPyKTyPbl 
HEOPrAHHHECKHX BO^HEIX 
PACTBOPOB HA nPHMEPE PACTBOPA 
nEHTAOKCTlM BAHA/JHil 

CyaeiiMeHOB 3.H., q-p TexH. Hayx, npo<]). 

Ka3axcTaHCKO-EpiiTaHCKiiii TexHinecKiifi yHimepciiTeT, Ka3axcTaH 

B CTarse ronaraiOTca pe3yjibTaTbi iKciicpuMeinajii.Fioio onpeqene- 
Hira xiiMiiuecKoro cocTaBa a.iicMCFnoii MHKpocTpyKTypbi pacTBopa neH- 
TaoKcuqa liaiiaqiia. 

ynacTHUK Koii(|)epciii[un 

Typw. IloKa3aHa B03M0atH0CTb ynpaBqaTb sqeKTponpoBoqHoc- 
Tbio atHqKOCTH c noMoiqbio qepeMeqqwx sqeKTpoMarHHTHbix 
noneii, hto qaqo ocHOBaHiie cqenarb BbiBoq 06 sneKTpoqqoM 
Time npoBoqHMOCTH sqeiapoqHTOB (HeopraqiiuecKHX BoqHbix 
pacTBopoB ii OKCHqHbix pacnqaBOB). Bca cyMMa SKcnepiiMCH- 
TaqbHbix qaHHbix no3BoqHqa cqenaTb BbiBoq o Heo6a3aTeqb- 
hocth caMonpoH3BoqbHOH sqeKTpoqHTHuecKOH qqccoqiiaqini 
(T.e. qHccoqiiaqini MoqeKyq TBepqoro BeiqecTBa Ha hohbi, 3a- 
paaceHHbie noqoatHTeqbHO h OTpHqaTeqbHO npn ero nepexoqe 
b acqqKoe cocToaHHe) npn (JiopMHpoBaqiiii MHKpocTpyKTypbi 
sqeKTpoqHTOB. BBoq 06 sqeKTpoqqoM Time npoBoqHMOCTH 
sqeKTpoqHTOB qe.naeT nona i tic “npoBoqHHK BToporo poqa” 
HayuHO He o 6 ocHOBaHHbiM. ycTaHOBqeHHe MoqeKyjrapqoH 
npHpoqw MHKpocTpyKTypbi sqeKTponHTOB cqenaqo aKTyaqb- 
HbiMii iiccqeqoBaHHe npoqecca qecTaqiioHapqwx SHeprera- 
necKiix B03qeHCTBini Ha CTpyKTypHbie H3MeHeHiia, npoHcxo- 
qaiqHe b sqeKTpoqHTax [HanpHMep 15, 16, 17]. 3th ii qpyrae 
HccqeqoBaHim co Bceii oueBHqHocTbio npoqeMOHCTpHpoBaqq, 
hto CTpyKTypa sqeKTpoqHTOB 3aBHCiiT He tombko ot xhmh- 
necKoro cocTaBa h TeMnepaTypbi, ho ii ot qpyrax (JiaKTopoB 
(sHepreTHuecKHe h xiiMiiuecKiie B03qeHCTBiia, MexaHHuecKHe 
Koqe 6 aHH?i h qp.). CTaqHOHapHoe SHepreTHnecKoe BmiaHiie 
b KOHeuHOM more npHBoqHT k CTa6Hqii3aqiiii CHCTeMbi c qo- 
CTHaceHHeM CTaTHuecKoro turn qHHaMHue ckoto paBHOBecua b 
3aBHCiiM0CTH ot xapaKTepa SHepreTHuecKoro B03qeiicTBHa ii 
ero npHpoqbi. B TaKOM cqynae aHaqH3HpoBaTb MexaHH3M ii 
OTqeqbHbie CTynemi (])H3HK0-xiiMiiqecKiix npoqeccoB b pe- 
aqbHbix CHCTeMax CTaHOBiiTca 3aTpyqHHTeqbHbiM, a npn pa3- 
pa 6 oTKe TexHiiuecKiix pemeHiiii npHBoqHT k ncnoqb30BaHiiio 
SMniipiiqecKiix MeToqoB qqa qocTHtKeHiia qeqq. HanpiiMep, 
npq iiccqeqoBaHiiii sqeKTponpoBoqHoc™ sneKTpoqHTOB (h 
Boo 6 iqe, KOHqeHCHpoBaHHbix <J>a3, oco 6 eHHO tKHqKOCTH) qo- 
CTaTOHHO 6 bicTpoe qocTHaceHHe nceBqopaBHOBecHoro cocto- 
aHiia He qaeT bo3mo5khocth yBHqeTb bcio raMMy MeqcaTOMHbix 
ii MetKMoqeKyqapHbix TpaHcc[>opMaqiiH b TaKoii, Ha nepBbiii 
B3rjisq, npocToii CHCTeMe, KaK napa sqeKTpoqoB - sqeKTpoqHT. 
nosTOMy, HaMH npoBoqHqucb iiccqeqoBaHiia no onpeqeqeHiiio 
BqiiaHiia pa3qHHHbix B03qeHCTBHH Ha MHKpocTpyKTypy Heop- 
raHiiuecKHX BoqHbix pacTBopoB. B KauecTBe o 6 beKTa uccqe- 
qoBaHiia 6 wq Bbi 6 paH BoqHbiii pacTBop neHTaoKCHqa BaHaqHa, 
nocKoqbKy HHTepecHaa oco 6 eHHOCTb BoqHbix pacTBopoB ok- 
CHqa BaHaqna-5 CB«3aHa c aBqeHHeM caMonpoH3BoqbHoro 06 - 
pa30BaHiia MaKpocKomiuecKiix o 6 i>eKTOB (HeopraHHuecKoro 
aHaqora noqiiMepHbix Me3oreqeii), BnepBbie o 6 HapytKeHHoro 
b pa 6 oTe [18]. noqyneHHbie CBeqeHiw o noBeqeHiin MaKpo- 
CKomiuecKiix o6pa3qoB no3BoqaeT qenaTb BbiBoqw o npoqec- 
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cax, npoTeKaiomnx Ha MHKpocKomiHecKOM ypoBHe. /Jamibiii 
BbiBoq 6 bui o 6 ocHOBaH b pa 6 oTe [19] Ha ocHOBe conocTaB- 
jichim xapaKTepncTHK BaHaHHeBbix Me3oreJieii h hx opraHii- 
necKHX aHanoroB (KJiaccuHecKHX nojiHMepHbix rHqporeqeil 
[20, 21]). npHMOH 3KCnepHMeHT no yCTaHOBJICHHIO MHKpo- 
CTpyKTypbi HeopraHHHecKHX BoqHbix pacTBopoB 6biji nocTaB- 
JieH q-poM TexH. HayK, KaHq. (])H3.-MaT. HayK, npoiJieccopoM 
11.3. CyjiefiMeHOBbiM [18], B qaqbHeHinux iiccqeqoBaHiiax 
onpeqeqaqHCb oco 6 eHHOCTH ocaacqeHHa BaHaqqeBbix Me3ore- 
jieil Ha 30Hqax H3 pa3JiHHHoro MaTepnaqa [HanpuMep 22, 23, 
24], 3th HccJieziOBaHiM no3BOJiHJin cqeqaTb SKcnepiiMeHTaqb- 
HO o 6 oCHOBaHHblil BbIBOq O MOJieKyjMpHOH npHpone MHKpO- 
CTpyKTypw HeopraHHHecKHX BoqHbix pacTBopoB [25], OqHaKO 
npaKTHHecKHH HHTepec npeqeraBqaeT HccqeqoBaHHe xhmh- 
necKoro cocTaBa 3JieMeHTOB MHKpocTpyKTypbi HeopraHHHec- 
KHX bohhbix pacTBopoB, nocKOJibKy oh HanpaMyio CBa3aH c 
TexHOJiorHHecKHMH npoqeccaMH nepeBoqa b bohhbih pacTBop 
TBepqwx BeiqecTB h xiiMiinecKHMii peaKqqaMH, KOTopwe npo- 
BOqaTCa B 5KHHKHX CHCTeMaX [26, 27]. 

JS , qa onpeqeqeHiia xiiMiinecKoro cocTaBa MHKpocTpyKTy- 
pbi 3JieMeHTOB pacTBopa neTaoKCHqa BaHaqqa ncnoJib30Bajin 
BOHHbie pacTBopw OKCHqa BaHaqna -5b qnana30He kohiich- 
TpaqHH ot 0,1 qo 10 r/ji. /I jih noJiyneHiia pacTBopa pacqjiaB- 
jieqqbiil OKCHq BaHaqqa (TeMneparypa 500-550 °C) BJiHBajin 
b qHCTHJiJiHpoBaqqyio Boqy n qepeMeniHBajin 1 . Ilpn npoBeqe- 
HHH 3KCqepHMeHTOB HCqOJIb30BajIH CBOKHe qopqHH paCTBO- 
pa, qoJiyneHqbie pa36aBJieqHeM qo HyacHoil KoqqeqTpaqHH. 
IIcqoqb30BaqH 30Hqw, Bbmoqqeqqwe H3 Meqq, aceqe3a, aqio- 
mhhhh, THTaqa h qpyrax MaTepHaqoB. Me3oreqb BbicaacHBaq- 
ca qpaKTHHe ckh qa hio6om 30Hqe 3a HcraioHeqHeM HHTeil H3 
CHqTCTHHecKoro MaTepnaqa. Ilpn norpyaccHini qpoBoqonqoro 
30Hqa b pacTBop Ha 6 qioqaqH aBqeHHe caMoqpoH3Boqbqoro 06 - 
pa30Baqi«i BaqaqqeBbix Me3oreqeil (qo BHemqeMy BHqy oqu 
qpeqcTaBJMioT co 6 oil TeMHO-KopHHHCBbie qeqpo3panqbie 06 - 
pa30Baqi«i, HMeioiqHe KoqcucTeHquio 3aTBepqeBinero CTyqra 
h qoBTopjiioiqHe (JiopMy 30Hqa). KuHCTHKa o6pa30BaHiia rena 
perHCTpHpoBaqacb rpaBHMerpHHecKH. 

OqHOBpeMeqqo pa3qeqbqo onpeqeqaqqcb cTeqeqn Ha6y- 
xaqiM qoqyneqqbix o6pa3qoB Q qa nepqcjiepHHHbix h BqyT- 
peqnux ynacTKax o6pa3qoB. 

Q = (in - m d )/m d , 

rqe m s n m d - Maccw ncxoqHoro h qpoKaqeHHoro o6pa3qoB. 
Maccy cyxoro BeiqecTBa wmepsmn nocqe npoKaqiiBaHiia 
b MyiJieqbqoH qenn qpn TeMqeparype 550 °C. IlpH stom He 
npoHcxoqqqo pa3pymeHHa BaHaqHH - KHcqopoqHoro KapKa- 
ca, nosTOMy noqyHeHHbie BeqiiHHHbi MoacHO TpaKTOBaTb KaK 
CTeneHb Ha6yxaHHa ceTKH, a He KaK KonqeHTpaqHio OKCHqa 
BaHaqHH-5. 

TunHHHbie npuMepw khhcthhc ckhx KpiiBbix (JiopMHpo- 
BaHiM BaHaqqeBbix Me3oreqeil (33bhchmocth npHpaiqeHHa 
Maccw rena ot BpeMeHii) npeqcTaBqeHbi Ha pnc. 1. 

BnqHo, hto CKopocTb o6pa30Bamia reneii cyiqecTBeHHo 
33BHCHT ot MaTepnaqa 30Hqa, npuneM nocqeqoBaTeqbHOCTb 
pacnoqojKeHHH KpiiBbix b paqy «aqioMHHHH-Meqb-aceqe30» 
ocTaeTca HeH3MeHHOH qqa Bcero HccqeqoBaHHoro qHana30Ha 


KOHqeHTpaqHil, a khhcthhc CKHe KpuBbie, OTBenatoique THTaHy, 
HMeioT oco 6 eHHocTH ( 6 oqee 6 bicTpbiil Bbixoq Ha HacbiiqeHHe, 
HTO npHBOqHT K H3MeHeHHIO nopaqKa pacnoqOJKCHIW KpHBbIX 
Ha pnc. 1, b). KoHTpoqbHbie H3MepeHHH, npoBeqeHHbie c hc- 
noqb30BaHHeM HeMeTaqqHHecKHX «30HqoB» (Hcnoqb30Baqn 
noaocKH KapTOHa), noKa3aqH, hto HacbiiqeHHe qocTHraeTca 
eiqe 6 wcTpee (yace Ha 10-20 MHHyTax). IlpH stom Macca o 6 pa- 
3yioiqeroca rena HMeer BeqHHHHy, Ha nopaqoK MeHbinyio, neM 
q qa MeTaqqHHecKHX 30HqoB. BaacHO TaKace noqnepKHyTb, hto 
qnaMeTp noqyneHHbix o6pa3qoB HMeq BeqHHHHy, no KpaHHeil 
Mepe, Ha nopaqoK npeBbimaioiqyio HcxoqHbiii qnaMeTp 30Hqa. 



Phc. 1. KimeTHKa <j)(>p\iiip<maimii Me3orejieii 
H3 pacTBopa OKCHqa BanaqiH-5 npu KoiiqeiiTpaqiiax 
1,9 (a) 3,67 (6) 7,35 g/1 (c), (■ - a.iioMimnii, 

♦ - Meqb, A - JKC.IC30, X - THTaH) 


1 Mcno.ab30Ba.icH cepiiiino isi.iincicacMbiii cyxoii OKcnq eaua imi MapKH 'i. i.a. 

8 




GISAP 

PHYSICS, MATHEMATICS AND CHEMISTRY 


Ebijio ycTaHOBJieHO, hto iuiothoctb pacnpeqeJieHiia Be- 
mecTBa rqqporejia no o6i>eMy HeoqHopoqHa (sto 6bijio skc- 
nepiiMCHTajiBHO qoKa3aHO c noMonibio onpeqeJieHHa CTeneHH 
Ha6yxaHHH Me3oreJia Ha nepmJiepHHHbix h bo BHyrpeHHHX 
o6nacT5ix). ITjiotho ctb rqqporejia bo BHyTpeHHiix o6nacTHX 
3aMeTHO npeBbimaeT mioTHOCTb rejia b HapyacHbix (Ta6n. 1). 

TafijiHua 1. 


Pacnpcvic.iciiHc CTeneHH nafivxaimii BaHanneBoro i c.isi no 
oObexiy oopama (oOpatqi.i Bbipameiibi na MeflHOM 30 Hqe 
npn pai.iH'mi.ix hcxo iiii.ix Kiimien ipanHiix pacTBopa) 


c 

Q, center 

Q, ext. 

Q, aver. 

1,75 

18 

100 

63,1875 

3,68 

48 

60 

42,92 

10,38 

22 

20 

29,095 


Ehjio noKa3aHO, hto Ha CTeneHb Ha6yxaHHa rena bjiimiot 
pa3JiHHHbie (JiaKTopw, b tom HHCJie o6i>eM ncnoJib3yeMoro pac- 
TBopa. B OflHOH H3 CepHH SKCnepHMeHTOB HCCJieZIOBajIOCb co- 
OTHomeHiie Maccbi rejra h Maccw cyxoro ocTaTKa nocne npo- 
KajIHBaHHR (pHC. 2). 

KaK BHHHO H3 pHCyHKa COOTHOHieHHe BOUbl H neHTaOKCH- 
qa BaHaHHH MeHaeTCH B 3aBHCHMOCTH OT KOHIICHTpaqHH OKCH- 
qa BaHaqqq b pacTBope h Marepnaqa 30Hqa. VcTaHOBJieHO, hto 
Ha pa3JiHHHbix 30Hqax H3 BoqHbix pacTBopoB neHTaoKcnqa Ba- 
Haqqq MoacHO ocaqnTb rnqporeqb cocTaBa - 12V,0 5 ' 480H,O. 
ITpii 3tom cocTaB MOJieKyjiw MoaceT MeHUTbca b 3aBHCiiMoc- 
th ot (JiaKTopoB B03qeiicTBHH. Ha pnc. 3 npHBeqeHbi o6pa3- 
qw TaKoro rqqporeqq. KaK Biiqqo H3 pncyHKa, ocaacqeqqwq 


rnqporeqb noBTopaeT (jiopMy 30Hqa. npqqeM (JiopMa rejra Me- 
naeTca c H3MeHeqHCM ypoBHH pacTBopa. Eojibinoe pa3JiHHHe b 
qqaMeTpax 30Hqa n noqyqeqqrax o6pa3qoB noKa3WBaeT, hto 
M aTepnaji 30Hqa MoaceT bjiuhtb qa qpoqecc cfiopMqpoBaqiM 
rejia tojibko onocpeqoBaHHO. IlHane roBopa, npeqnocbuiKoq 
qjra caMoqpoH3BOJibqoro B03HHKqoBeqna rena H3 pacTBopa 
MoaceT cayacHTb tojibko pa3HOCTb xiimhmcckiix qoTeHquajioB 
Meacqy MaTepnaqoM 30Hqa q MoqeKyqaMn, HaxoqaiqHMHca b 
pacTBope h cnoco6HOCTb pacTBopeHHbix nacraq k B3aiiMqon 
arperaqqq. 

B qpoTHBqoM cnynae B03MoacnocTb qojiyneqqa o6pa3- 
qoB 6oJibmoii Maccw (h qnaMeTpa) 6biJia 6ra HCKJnoqeHa: stot 
(J iaKT qe MoaceT 6 bitb o6bacqeq tojibko qpaMoii aqre3neq qa 
30Hqe. B to ace BpeMa, qocKOJibicy rejiH b pacTBope (qo Kpafi- 
qeii Mepe, b nccqeqoBaqHbix ycaoBiiax) caMonpon3Boqbqo qe 
o6pa3yiOTca, to ecTecTBeHHO npeqnoqoacnTb, hto b o6biqqbix 
ycaoBiiax, Hapsqy c (JiaKTopaMH, cqoco6cTByioiqHMH B33HM- 
qoii arperaqqq, cyiqecTByioT n npoTqBonoqoacqrae. 

BHeceqqe b cqcTeMy 30Hqa Moacqo paccMaTpiiBaTb KaK 
qoaBaeqqe qonoqqqTeqbHoro (jiaKTopa, cnoco6cTBytoiqe- 
ro arperaqqq Hacmq (q qaqee, nx aqre3nq k qoBepxqocTq 
rqqporejia). BjniaHiie npqpoqw MeTamia qa stot qpoqecc 3a- 
CTaBJiaeT npeqnoqoacnTb, hto oh HMeeT saeRTpoxiiMUHecicyio 
npqpoqy. PaccMOTpnM MexaHH3M 3Toro bjiimhim Bnanaqe Ha 
MaKpocKonnaecKOM ypoBHe. CyiqecTBOBaHiie neHyqeBon 3flC 
Meacqy BHyTpeHHHM q BHcniHiiM sqeKTpoqaMii roBopqT o tom, 
hto pa3HOCTb saeKTpoxHMqqecKqx noTeHquaaoB Ha rpaHnqe 
rejib-MeTajui q rejib-pacTBop He oqnnaKOBbi. 

3tot BbiBoq KoppeanpyeT qpyrnM 3KcnepiiMeqTaqbqbiM 



-Al 

-Cu 

-Fe 

-K 


KoHqeHTpaqua oKCMfla BaHaqan b pacTBope, r/n 

Phc. 2. 3aBHCHMOCTb KOJinnecTBa noqbi b rejie ot KOHueHTpauun oiccu ia BanaqHH-5 b pacTBope 



Phc. 3. O 0 pa 3 Hbi ocaacqeHHOro BaiiaqueBoi o rejia Ha MeqHOM 30 Hqe 
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(JiaKTOM. CKopocTb pocTa reaa Ha HanaabHOM h kohchhom 
ynacTKax KHHcraHecKiix KpiiBbix pe3KO pa3aHHaeTca h nosTO- 
My moikho npeqnoaoaaiTb, hto MexaHH3M aqre3HH nacraq ee- 
nocpeqcTBeHHO k 30Hqy (HanaabHbie ynacTKH KpiiBbix) otjih- 
HaeTCH OT MeX3HH3Ma (JlOpMHpOBaHHa Co6cTBeHHO THHporejM. 
bailee, HeoqHopoqHO ctb pacnpeqeaeHHa hjiothocth BemecTBa 
reaa no o6T>eMy 3acTaBaaeT npeqnoaoaaiTb, hto aqre3HOHHbie 
npoqeccbi Meacqy BeiqecTBOM Me3oreaa q 30HqoM npoqoaaca- 
kjt hhth, b tom nucae, h b Tojnqe o6pa3qa. 

npoTeKaqqe 3thx qpoqeccoB o6aernaeTca TeM, hto ceTKa 
aBaaeTca cpaBqqTejibqo «pbixjioq»: KaK caeqyeT H3 Ta6jiqqbi 1, 
ee CTeqeqb qa6yxaqqn mohcct qocrararb coTqq. 3tot noxa- 
3aTeJib Bqojiqe cpaBqnM c BcaHHHHaMH, xapaKTepHbiMH hjih 
opraquHecKiix aqajioroB. T.e. KaK opraHiinecKiie, TaK n Heop- 
raquHecKHe rejiq cqoco6qw ynaoraaTbca noq B03qeHCTBHeM 
qocTaTonqo caa6wx BHemqnx B03qeHCTBHH. 

HeoqHopoqHOCTb nHoraocra ceTKH, b cboio onepeqb, 03- 
qanaeT, hto pacnpeqeaeHHe saeRTpoxiiMimecKoro qoTeqqn- 
ana BqyTpq Me3oreaa qe MoaceT 6bitb oqHopoqHbiM. Aqajio- 
ruHqoe HBJieqqe Ha6aioqaeTca h qua opraqiiHecKHX aqaqoroB 
paccMaTpqBaeMbix o6T>eKTOB. HeoqHopoqHoe pacnpeqeaeHHe 
qqoTHOCTH ceTKH aBTOMaTHHecKH qpqBoqqT k qoaBqequio 
HeqyqeBbix BHyTpeqqnx saeKTpHnecKHX noaen, cnoco6Hbix 
qpqBoqqTb k reqepaqqq saeKTpHnecKoro TOKa. 

TaKHM o6pa30M, ecqq roBopuTb o MaKpocKoquHecKHX 06- 
pa3qax, to bhimhuc npnpoqbi MeTaqqa qa CKopocTb (JiopMH- 
poBaHiia rqqporeqa moikho CBa3aTb c TaeRTpoxiiMiine ckhmh 
(JiaKTopaMH, KOTopwe qpoaaqaioTca qe ToabKO qa HanaabHbix 
CTaqqax npoqecca, ho h no Mepe qaabHeHinero pocTa rejia. Ha 
caeqyioiqeM 3Tane stot BbiBoq moikho nepeHecTH h Ha nacra- 
qw, HaxoqaiqHeca Ha 6oqee hh3kom ypoBHe opraHH3aqnn chc- 
TeMbi. TaKOBbiMH aBqaioTca KoaaoHqHbie, KBa3HKoqqonqHbie 
HacTHqw hjih qpyrne HaqMoqeKyqapHbie arperarai, o6pa30Baq- 
Hbie noquBaHaqHeBbiMH KHcqoTaMH. Pa3yMHO npeqnoaoacHTb, 
hto npn qocTaTOHHO 6oqbinnx pa3Mepax srax Hacraq (nopaqKa 
qe6aeBCKOH qquHbi h Bbirne) hx noBeqeHHe TaKace 6yqeT onpe- 
qeaaTbca BHyTpeHHHM pacnpeqeqeHHeM saeRTpoxiiMiinecKO- 
ro noreHqHaqa, KOTopoe MoaceT MeHaTbca noq B03qericTBHeM 
bhcihhhx (JiaKTopoB. 3tot BbiBoq noqHocTbio KoppeqqpyeT c 
npeqcTaBHCHHaMH o cyiqecTBOBaHHH noBepxHOCTHbix qBOHHbix 
caoeB y KoqqoHqHbix Hacraq, KOTopwe OKa3WBaioT Henocpeqc- 
TBeqqoe BHiiaime qa hx B3aHMHyio aqre3Hio. 

Othuhucm paccMaTpHBaeMoii chctcmbi ot hcthhhoto Koa- 
qonqa aBqaeTca BbicoKaa CTeneHb qeiJiopMHpyeMoc™ HaqMO- 
qeicyqapHbix o6pa30BaHHH b CHCTeMe. npq stom qeiJiopMaqun 
HacTHq MoryT 6 bitb CBa3aHbi He ToabKO c H3MeHeHHeM hx 
(JiopMbi, ho h c H3MeHeHHeM pacnpeqeqeHna saeRTpoxiiMiinec- 
koto noTeHqHaqa b npeqeaax OTqeabHOH HacTHqw. 

Echh bhobb o6paTHTbca k aHaqoniH c noBeqeHHCM rnq- 
poreaeii, to CTaHOBHTca acHbiM, hto qecJiopMaqHOHHoe H3Me- 
HCHHe sqeKTpoxHMHHecKoro noTeHqHaqa b npeqeqax Hacraqw 
(JiaKTHHecKH npHBoqHT k ee noJiapH3aqiiH. 

3a B03HHKH0BCHHe qecjiopManHH (h noqapH3aqHH) nac- 
Tuq OTBenaioT noBepxHocrabie 3q eKTpox 11 mhh ec k lie npoqec- 
cbi, qpoTeKaioiqHe qa rpaqqqe MeTaqq-pacTBop. Poqb 30Hqa 
qo cyiqecTBy CBoqHTca k qapymequio qpocTpaHCTBeqqoii 
CHMMeTpi-iH qpn qpoTeKaqun qpoqeccoB caMoopraqmaqHH. 
B HeB03MyiqeqqoM pacTBope (JipaKTaabHbie xapaicrepHCTHKH 
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qaqMoqeKyqapqwx arperaraB oqpeqeqaioTca 6aqaHCOM Meac- 
qy cnqaMH arperaquii (hx npnpoqa HMeeT npaMbie aHaqornn 
MoqeKyqapHoii qncnepcHH b KoaaoHqHOH xhmhh) h cmiaMii, 
pa3pymaioiqHMH 3apa5KeHHyio nacraqy (sth enabi HMeioT Ty 
ace npnpoqy, hto h npHBoqaiqHe k Ha6yxaHHio opraHHHecKoro 
reqa). BHeceHHe b CHCTeMy 30Hqa, «npnTarnBaioiqero» Be- 
iqecTBO nacraq, HapymaeT stot 6aqaqc. OneBiiqqo, hto saeK- 
TpoxHMHHecKHe xapaKTepucTHKH TaKoro qpoqecca 3aBHcaT 
ot MaTepnaqa 30Hqa. PhyneHHe qpoqeccoB (JiopMHpoBaque 
Me3oreaeii qa 30Hqax H3 pa3aHHHoro MaTepnaqa no3BoqaeT 
BbiqeqHTb stot (JiaKTop (Tarae HccqeqoBaHiia paHee He npoBO- 
qnqHCb, b [18] Obuiii ncnoqb30BaHbi ToabKO MeqHbie 30Hqw). 
IIcKaioHeHHe 3Toro (JiaKTopa, b cboio oHepeqb, no3BoqaeT qe- 
qara BbiBoqw o CTpyKType pacTBopa KaK TaKOBOH. 

no CBoeMy XHMHHecKOMy cocTaBy ciJiopMHpoBaHHbiH reab 
HHHeM He OTqHHaeTca ot OKpyacaioiqero pacTBopa. nosTOMy 
HaqMoqeKyqapHaa peaKqqa, npoTeKaioiqaa Ha ero noBepxHoc- 
th, OTpaacaeT tot ace npoqecc, npoTeKaioiqiiH b HeB03MyiqeH- 
hom pacTBope c toh qnnib pa3HiiqeH, hto HapymeHHe chmmct- 
pnn noqaBqaeT npoqeccbi qe3arperaqnn. 

nocae Toro, KaK Ha noBepxHocra 30Hqa ccJiopMHpoBaaca 
qocTaTOHHO ToacTbiH HapyacHbiH caoii b KanecTBe «30Hqa» Bbi- 
CTynaeT yace oh. MaTepnaa 30Hqa MoaceT Banara Ha CKopocTb 
npoqecca ToabKO onocpeqoBaqqo - nepe3 HeoqHopoqHoeTb 
pacnpeqeaeHna saeKTpoxuMHHecKoro noTeHHHaaa no o6beMy 
reaa. IlHane roBopa, noaapH3aqHa MaKpocKonunecKiix o6pa3- 
qoB co3qaeT qocTaTOHHbiii saeKTpoxHMHHecKHH noTeHquaa Ha 
noBepxHOCTH reaa, co3qaioiqHH npeqnocbiaKH qaa noqaBae- 
qiia arperaqun 

TaKHM o6pa30M, ycTaHOBaeHHe aiiaaoriiii Meacqy noBeqe- 
hhcm MaKpo- H MHKp006pa30BaHHH B CHCTeMe: BaHaqHeBbifi 
Me3oreab - pacTBop no3BoaaeT onpeqeaHTb napaMeTpbi npo- 
qeccoB caMoopraHH3aqnH, npucyiqHe noaiiMepHbiM (JiopMaM 
BaHaqneBbix pacTBopoB. CaeqyroiqHH 3Tan coctoht b tom, 
hto6bi cqeaaTb sra npoqeccbi KOHTpoanpy cmbimh . HanpiiMep, 
mo5kho roBopHTb 06 ycKopeHHH npoqeccoB neMeHTaqun, «ca- 
MOOHHCTKe» BaHaqHeBbIX pacTBopoB H T.q. 

3aKaiOHeHHe 

cPopMHpoBaHHe BaHaqHeBbix Me3oreaeii MoaceT paccMaT- 
puBaTbea KaK MaKpocKominecKoe npoaBaeHHe npoqeccoB ca- 
MoopraHH3aqnH, KOTopwe cnoHTaHHO npoTeKaioT b pacTBope. 
Ha 3 tom npuMepe moikho BHqera, KaK H3yHeHHe MaKpocKonn- 
HecKnx o6pa3qoB pernaeT «npo6aeMy HaraaqHocra». B stom 
CMbieae nceBqoKoaaoHqHbie HacTHqbi BaHaqneBbix noaHMepoB 
mo5kho ynoqo6HTb MHKpoHacraqaM reaa. PhyHHB H3 CBOHCTBa 
BnoaHe qocTynHbiMH, HanpiiMep, rpaBHMeTpHHecKiiMii Mera- 
qaMH, moikho nporH03HpoBaTb noBeqeHHe nacraq b pacTBope, 
a, caeqoBaTeabHO, ycTaHOBHTb ero CTpyKTypy. 3to, b cboio 
onepeqb MoaceT 6bira ochoboh qaa co3qaHHa hobbix TexHoao- 
riiH, b KOTopbix npoqeccbi caMoopraHmaqHH 6yqyr ncnoab30- 
BaTbca HanpaBaeHHO. H3yHeHHe TaKiix h hm noqo6Hbix aHa- 
aoriiii pernaeT Bonpoc o B03MyiqaioiqeM BaiiaHiin npoqecca 
H3MepeHiia - qaa MaKpocKominecKiix o6pa3qoB oh OTnaqaeT 
caM co6oh. 

TpaBiiMeTpHnecKHM MeToqoM onpeqeaeHbi crpyKTypa 
H XHMHHeCKHH COCTaB I.ICMCHIOB MHKpOCTpyKTypbl BOq- 
Horo pacTBopa neiiTaokciiqa Baiiaqun, oqrni H3 KOTopbix 
HMeeT tjiopvivav 12V 2 0. 480H 2 O. 



IIpHBeaeHHwe gamble cnyacaT qonojiHHTejibHWM (jiaKTO- 
POM, KOTOpblH nOKa3bIBaeT, HTO 3JieKTpOJIHTH t ieCKaa HHCCO- 
HiiaqiM aBJiaeTca pe3ynbTaTOM B03,zteHCTBiM 3JieKTpqqecKOM 
sqeprqq qa MOJieKyjMpqyro CTpyKTypy KoqqeqcqpoBaqqwx 
cqcTeM (b qacTqocTq HeopraHiiuecKiix jKqqKOCTeq), T.e. 3to h 
eCTb 3JieKTpOJlH3. 
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EXTRACTION OF IONS OF Zn AND Cd 
FROM THIOCYANATE SOLUTIONS 
BY MELTS OF MIXTURES 
OF DIANTIPIRILMETHANE 
AND BENZOIC ACID 

E. Alikina, Candidate of Chemistry, Associate Professor 
M. Degtev, Doctor of Chemistry, Full Professor, Head of a Chair 
Perm State University, Russia 

The extraction of ions of Zn and Cd from acid thiocyanate 
solutions by melts of mixtures of diantipirilmethane and benzoic acid 
is studied. Optimal conditions of delamination and formation of liquids 
as well as extractions of metal ions are determined. The possibility 
of the quantitative extraction of ions of Zn and Cd from thiocyanate 
solutions by diantipirilalcanes is presented. The composition of 
extractable complex compounds is set and the mechanism of extraction 
is offered, 

Keywords: extraction by melts, diantipirilmethane, thiocyanate 
solutions, benzoic acid. 
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National championship in scientific analytics 

J3eeqeHHe 

B ceMHqecirrwe roqw nporruioro CToneraa OTMeuanocb, 
hto HOHbi MeTajuioB nerKO JBBneKaioTCfl npii noBbimemroir 
TeMnepaType H3 BoqHwx pacTBopoB pacrmaBaMii opraHHuec- 
khx coeqiiHCHiiH [1-4]. IIpH 3tom He Tpe6yeTCfl npiiMeHeHHJi 
amqKoro opraHiruecKoro pacTBopHTeqq. IIpH TeMnepaType, 
He npeBwmaioiqeH TeMnepaTypy KirncHHa Boqw, TBepqwH 
3KCTpareHT o6pa3yeT BTopyio amqKyio (opraHiraecKyio) (])a3y, 
T.e. OCymeCTBJMeTCfl BapnaHT 06WHHOH 5KHqKO(]>a3HOH 3KC- 
TpaKqHH. TIcnoJib30BaHnc TaKiix CHCTeM no3BOJiaeT H36eiKaTb 
ochobhoto HeqocTaTKa amqKOCTHOH SKCTparatHH - Heo6xo- 
UHMocth qpuMeqeqqa tokchhhbix, noiKapoonacHwx oprarai- 
uecKHX pacTBopHTeneir. KpoMe toto, qocne SKCTpaKqHH h ox- 
jiaacqeqH a opraquuecKaa (])a3a 3aTBepqeBaeT h qpeBpaiqaeTca 
b KOMqaKTqyro Maccy - pacqnaB, no3BoqaioiqHH nerKO pa3qe- 
jmtb TBepqyro opraHiraecKyio h qmqKyio BoqHyio (])a3bi. 

B KauecTBe jierKoqjiaBKirx opraiiHuecKHX peareHTOB ihh- 
poKO ncqoJib3yiOTC5t opraquuecKHe ocHOBarara h khchotbi. IT3 
ocqoBaquir uaiqe qpyrnx qpHMeqjuiH aqTuqnpqq, qqpa30Ji0H, 
qncjieHHqryaHHqHH, aMHqw; a b tcauecTBe khcjiot - pe3opqqq, 
qqpoKaTexHq, qac]>TajiHq-cyjib<])OKHCJioTy, cajinqnjioByio, mo- 
HoxnopyKcycHyio khcjiotbi h qp. [5-9], IT3BecTHO, hto aqra- 
qnpnq q ero npoH3BoqHbie o6qaqaioT bbicokoh SKCTpaKqq- 
ohhoh cqoco6HOCTbK> qo OTHomeqHio k noqaM MeTajuioB H3 
pa3JiHuqbix qo cocTaBy Boqqwx pacTBopoB. OqqaKO CBeqeqqa 
qo hx qpHMeqeqino qua SKCTpaKqHH HeopraHiraecKiix noqoB 
pacqqaBaMH OTcyTCTByioT. 

B pa6oTax [10] qpHBeqeqw CBeqeqqa 06 SKCTpaKqHH 110- 
hob MeTaimoB H3 THoquaqaTqwx pacTBopoB b xqopoc])opM b 
qpHcyTCTBHir quaiiTHnuptuiMeTaHa (/JAM) h ero roMoqoroB. 
Moacqo cunraTb, hto THoqqaqaTqaa CHCTeMa aBqaeTca yqn- 
Bepcaqbqoir, nocKoqbKy b Heir H3BqeKaeTcn 6ouee 40 noqoB 
MeTaqqoB. B cba3h c sthm cocTaBqeq paq SKCTparnpyeMocra 
qoqoB MeTaqqoB H3 THoquaqaTqwx pacTBopoB: Sn(II) > Sn(IV) 

> Zn (E = 99,9 %, ~ 1 Moqb/q NH 4 SCN, 1 Moqb/q H,S0 4 ) > Co 

> Mo > W > Ga > Fe(III) > In > Hg(II) > Sc > V(IV) > Cd (E) 
= 60,0%, « 1 Moqb/q NH 4 SCN, 1 Moqb/q H,S0 4 ) > Mn(II) [11], 

12 


3KCTPAKUII5I HOHOB Zn H Cd 
H3 THOUIIAHATHblX PACTBOPOB 
PACnJIABAMH CMECEH 
AHAHTHnHPHJIMETAHA H EEH30HH0H 
KHCJIOTBI 

AqmcHHa E.H., KaHq. xhm. Hayx, qoqcHT 
.JJerreB M.H., q-p xhm. Hayx, npo<])., 3aB. KaiJieqpoH 
nepMCKiifi rocyaapcTBeHHbifi yHiraepciiTeT, Poccua 

tfiy'ieiia >Kc rpaKiuui hohob miHKa h KaqMiin pacnqaBaMH cMeceii 
.riiain miiipw.iMcr ana h 6eH3oiiHoii Kncjron.r 113 Kiicqbix r Houuanar- 
Hbix pacTBopoB. Oiipc.rcJiem.i oiith MaqbHbie ycnoBira paccnaiiBaHiia 
11 o6pa30BaHna paciijraua, a Taicace 3KCTpaKirnn iiohob MeTaqqoB. IIo- 
Ka3aHa B03MO)KHOCTb KOqilHeCTBeHHOH TKCTpaKUHH hohob mi lira 11 
KaqMim H3 TiiomiaHaTHbix pacTBopoB qHaHTHnupHqaqKaHaMii. YcTa- 
HOBqeH cocTaB H3BqeKaeMbix KOMnqeKCHbix coeqiiHeHiiH, npeqqoaceH 
MexaHH3M iKcipaKrum. 

K.imnOBbie cqOBa: 'iKcipaKiimi pacnqaBaMH, .main iiiiiipii.iMC- 
TaH, i iiouHanaiiii.ic pacTBopbi, oeirioiiiiaM KiicqoTa. 

y qacTHHKH KOFi([)epciii[iin, 

HauiioHaqbHoro nepBeHCTBa no HayqHoil anajrirniKC 

H 3 npeqcTaBqeHHoro paqa oueBHqHO, hto CTeneHb SKCTparn- 
pyeMOCTH Zn h Cd 3aMeTHO pa3qHuaeTca. 

B qaHHOM coo6iqeHHH npHBeqeHbi CBeqeHira 06 3KCTpa- 
KqHH hohob Zn(II) h Cd(II) pacnqaBaMH CMeceil /JAM h 6 eH- 
30HH0H KHCqOTH (EK) B npHCyTCTBHH THOqiiaHaT-HOHOB. 

3 KcnepHMeHTaqbHaa nacTb 

B KauecTBe SKCTparema npiiMCHaqn CMecb EK «uqa» h 
/JAM, KOTopwir CHHTe3HpoBaqn no MeToqy [11]. CTaHqapT- 
Hbie pacTBopw cyqbcJiaTOB qiiHKa h KaqMHH (0,1 Moqb/q) ro- 
TOBirqn pacTBopeHHCM HaBecoK ZnS0 4 -7H,0 h 3CdS0 4 -8H,0 
b qHCTHqqnpoBaHHOH Boqe. KoHiteHTpaiqiio hohob MeTaqqoB 
onpeqeqaqn KOMnqeKCOHOMeTpHuecKH, ncnoqb3ya aMMiiau- 
Hbiir 6yc])epHbiH pacTBop c pH = 9 h HHqHKaTop 3XU ET-00. 
CTaHqapTHbie pacTBopw TiroquaHaT-HOHOB (2,0 Moqb/q) toto- 
Birqn pacTBopeHHeM HaBecKH NH 4 SCN «xu» b q HCTHqqnpo- 
BaHHorr Boqe. KoHqeHTpaqHio TiroquaHaT-HOHOB onpeqeqaqH 
noTeHquoMeTpHue ckhm THTpoBanneM. 

BquaHHe pa3qHHHbix (JiaKTopoB Ha o6pa30BaHire pacnqa- 
Ba, a TaioKe pacnpeqeqeHire hohob Zn h Cd Meacqy (J)a3aMH 
H3yuaqH b rpaqynpoBaHHbix npo6npKax c npHTepTWMH CTeK- 
qaHHWMH npo6KaMH npn HarpeBaHirn qo 80°C b TeueHHe 
10 MHHyT, nepnoqHuecKH nepeMeniHBaa. 

Heo6xoqHMyro KoHqeHTpaqHio hohob Boqopoqa co3qaBa- 
qn BBeqeHireM cooTBercTByioiqeH HeopraHiruecKOH KircqoTbi 
HX(HC1, H,S0 4 trail H,P0 4 ), a KoHqeHTpaqHio THoquaHaT-HO- 
hob - BBeqeHiieM 2 Moqb/q pacTBopa NH 4 SCN. 

nocqe qocTHqceHiia SKCTpaKquoHHoro paBHOBecna (10 mhh) 
npo6HpKH oxqaacqaqii qo KOMHaTHOH TeMnepaTypw, a 3 a- 
CTbiBiniiH SKCTpaKT OTqeqaqn ot BoqHoil (]>a3bi MexaHiraecKH. 

OpraHiraecKyio (])a3y (pacnqaB) BcqeqcTBHe bbicokoh ee 
B«3KOCTH paCTBOpaqil B STHqOBOM, H30aMHqOBOM cnnpTax 
Iran aqeTOHe, h npoBoqHqn onpeqeqeHiie hohob Zn h Cd tht- 
piiMeTpHuecKii. KoHTpoqb 3 a coqepacaHiieM nocqeqHHx ocy- 
iqecTBqqqH TaKace no BoqHoil (})a3e. 

CocTaB SKCTparnpyeMbix KOMnqeKCOB ycTaHaBqiiBaqH 6 h- 
qorapH(])MHHecKHM MeToqoM 11 no pe3yqbTaTaM xiiMiraecKoro 
aHaqH3a SKCTpaKTa-pacnqaBa Ha Bee KOMnoHeHTW. B noc- 
qeqHeM cqyuae b aqiiKBOTHbix uacrax cnHpTOBoro SKCTpaKTa 
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onpeqeqaqH KOHneHTpaquio hohob MeTamia no Bbime npeq- 
jioaceHHOMy MeToqy, KOHneHTpanmo hohob Boqopoqa - ajiKa- 
JIHMeTpHHeCKH C HHqHKaTOpOM 6p0MKpe30JI0BBIM 3eJieHBIM, 
KOHqeHTpaiiHio /JAM - no MeToqy [ 1 1 ], a coqepacaHHe thohh- 
aHaT-HOHOB - apreHTOMeTpHnecKH. KonneHTpanHio Bcex kom- 
noHeHTOB paccHHTbiBajin c yneTOM 3Ha t iennii KOHTpojibHoro 
onbiTa. 

Pe3yjibTaTbi h hx oficyvK ieiiiie 

IlpH HarpeBaHHH qo 80°C b HCCJieqyeMbix CHCTeMax /JAM 
- BK - NH 4 SCN - HX - H,0 npoHcxoqHT paccJiaHBaHHe Boq- 
hoh (Jia3bi npn KOHneHTpaqHH hohob Boqopoqa ot 0,01 qo 
8,0 Moqb/q. CooTHomeHHe V b :V q qocraraeT 3HaneHHa 80-100 
h nonBqqeTca B03MO>KHOCTb a6coqioTHoro KOHqeHTpHpoBaHiM 
MHKpOKOqHHeCTB hohob MeTaqqoB. 

BqiMHiie KHcqoTHO cth BoqHoii (J)a3bi Ha o6qacTb paccqa- 
HBaHIM, H, COOTBeTCTBCHHO, Ha CTeneHb H3BqeneHIM hohob 
CBHqeTeqbCTByeT o tom, hto paccqaHBaHHe cyiqecTByeT b ihh- 
poKOM HHTepBaqe KOHHCHTpannn HC1 kjik H,S0 4 (Ta6q. 1). 

npH 3 tom HiDKHJia opraHimecKaa (Jia3a o6beMOM 0,8 - 1,4 mh 
coqepiKHT Becb ,H,AM b BHqe TiioquaHaTHOH coqq h cohh c 


BK. Tanaa «MHKpo(j>a3a» KaK >k iiq k ii li hohht cnoco6Ha B3a- 
HMoqeiicTBOBaTb c MeTaqqoKOMnqeKCHbiMH annoHaMH h, KaK 
cqeqcTBHe, 3KCTparHpoBaTb hx. npH oxqaacqeHHH qo KOMHaT- 
hoh TeMnepaTypw MHKpo(Jia3a 3acTbiBaeT. yBeqHneHHe o6beMa 
BoqHoii (J)a3bi ot 20 qo 100 mji He BquaeT Ha o6pa30BaHiie 
MHKpo(J)a3bi h Ha ee o6beM. 

B npHcyTCTBHii H,P0 4 o6beM pacnqaBa MeHbine, qeM, Ha- 
npiiMep, b npucyTCTBHii HC1 hjih H,S0 4 . 

TaKHM o6pa30M, onTHMaqbHbiMH ycqoBiMMH o6pa30Ba- 
hha pacnqaBa (o6beMOM = 1 mh, hto Heo6xoqHMO qqa aHa- 
qiiTHHecKiix qeqeii) 6yqyT: n ;[AVI :n rK = 1:1, In = 4-10' 3 Moqb, 
[H + ] = 0,01 - 8,0 Moqb/q, [SCN ] = 0,1 - 0,3 Moqb/q, 
V . = 100 mji. 

oom 

PIccqeqoBaHHe bhimhim KOHqeHTpaqHH HeopraHimec- 
koh KHcqoTbi HX Ha 3KCTpaKqHio hohob Cd h Zn noKa3aqo, 
hto Cd H3BqeKaeTC» 6oqee, neM Ha 90 % b HHTepBaqe 
0,1 - 0,6 Moqb/q H,S0 4 . B npHcyTCTBHii H,P0 4 HHTepBaq 
KOHqeHTpaqHH hohob Boqopoqa pacninpaeTca qo 1,0 Moqb/q, 
a b npHcyTCTBHii HC1 KaqMHH H3BqeKaeTca Ha 92 % npn ee 
KOHqeHTpaqHH 0,2 Moqb/q (pnc. 1). 


Taflqima 1. 


B.miiime KOHueHTpamiii iieoprami'iecKoii kuc.ioi i,i Ha oflbeM pacnqaBa 
(n :n EK . = 1:1, In = 0,004 moii,, C scn _ = 0,25Moqb/q) 


KoHqeHTpanHH KHcqoTbi, 
Moqb/q 

V pacnqaBa, Mq 

HC1 

h 2 so 4 

h,po 4 

0,01 

0,5 

1,1 

0,8 

0,1 

1,0 

1,1 

0,9 

0,25 

1,1 

1,2 

1,0 

0,5 

1,2 

1,2 

0,9 

1,0 

1,2 

1,3 

0,9 

2,0 

1,2 

1,2 

0,9 

4,0 

1,2 

1,2 

0,9 


E Cd’ % 



Phc. 1. 3aBHCHMOCTb CTeneHH H3BqeHeiiHH hohob KaqMHH b chctcmc 
MM - BK - NH 4 SCN - HX - Boqa. 1 - HC1; 2 - H,S0 4 ; 3 - H 4 P0 4 
( n MM = n EK = 0,002 Moqb, C SCN - = 0,25 Moqb/q, C cd = 0,01 Moqb/q, V o6iu = 20 mji) 
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Ii3BJieHeHne qiirnca 3(]>(]>eKTHBHee H3BJieHCHH5i KaqMHfl 
ii cocTaBjraeT 98% b HHTepBaqe 0,1 - 0,8 mojii>/ji H,S0 4 , 
0,25 - 0,75 MOJib/n H,P0 4 . B npncyTCTBiiii HC1 hhhk H3- 
BJieKaeTCH Ha 94% (0,1 mojh>/ji HC1). noqyqeHHbie qaHHbie 
O pa3JIHHH5IX B SKCTpaKHHH Zn a Cd comacyiOTCfl C KOH- 
CTaHTaMH yCTOHHHBOCTH HX THOHHaHaTHbIX KOMnjieKCOB 

( P Ky„[Zn(SCN) 4 ] 2_ = 3,02; pK JCd(SCN) 4 ] 2 - = 2,91 ) [12], 

IIccJieqoBaqqe SKCTpaKqqa Zn n Cd b 3aBHCHMOCTH ot 
KOHqeHTpaqqq TiioquaHaT-HOHOB CBHqeTeqbCTByeT o tom, 
hto c poctom KOHqeHTpaqiiq nocJieqHHX yBejiHHHBaeTCH 
CTeneHb SKCTpaKqqq o6ohx KaTHOHOB, T.e. SKCTpaKHHOHHaq 
cnoco6HOCTb CHCTeMbi /(AM - EK - HX - H,0 noBbiniaeTca. 
Tax, qqs KOJiqqecTBeHHOH SKCTpaKqqq qnHKa Heo6xoqHM 
12-KpaTHbiii h36bitok TiioquaHaT-HOHOB, a qqq MaKCHMajib- 
hoh SKCTpaKqqq (> 97%) KaqMHfl - 20-KpaTHbiH h36bitok. 
OqHaKo cqeqyer otmcthtb, hto npn [SC1SP] > 0,3 mojib/ji 
pacnJiaB HauHHaeT KpHCTaqqrooBaTbca, npq stom CTeneHb 
SKCTpaKqqq hohob MeTaqqoB CHiDKaeTcs qo 70-80%, hto cbh- 
3aHO co CBepxcTexqoMeTpqqecKOH SKCTpaKqqeii THoquaHOBO- 
qopoqHoil khcjiotw HSCN, KOTopaa KOHKypqpyeT c H3BJieKae- 
MbiMH KaTHOHaMH 3a peareHT. 

CocTaB H3BJieKaeMbix KOMnjieKCHbix coeqHHeHHH onpeqe- 
qaqn 6qqorapH(])MHHecKHM MCToqoM. OnpeqeqeHbi cootho- 
rncHiM /(AM:Me 2+ h SCN~:Me 2+ , KOTopwe OKa3aqqcb paBHbiMH 
cooTBeTCTBeHHO 2:1 h 4:1. TaKHM o6pa30M, b pacnqaB hohm 
Cd n Zn H3BqeKaioTC5i b Bqqe aqqqoKOMnqeKCOB cqeqyioiqe- 


' Zrv n/,i 



Phc. 2. 3aBHCHMOCTb CTeneiiH H3BJieHeHHH hohob hhhkb 
b CHCTeMB JAM - EK - NH 4 SCN - HX - Boqa: 

1 - HC1; 2 - H 2 S0 4 ; 3 - H 3 P0 4 (n MM = n EK = 0,002 mo.ii,, 
C scn _ = 0,25 MOJib/ji, C Zn = 0,01 mo.ii./.i, V o6ui = 20 mji) 


ro cocTaBa (/(AM-H),[Cd(SCN) 4 ] h (/(AM-HUZn/SCN),,]. 
TaKoii cocTaB KOMnqeKCOB 6wq noqTBepacqeH MCToqoM xhmh- 
necKoro aHaqH3a SKCTpaKTa, noqyueHHoro b onTHMaqbHbix yc- 
qoBiiax SKCTparqpoBaqiM. Pe3yqbTaTbi xiiMiiuecKoro aaajima 
npeqcTaBqeHbi b Ta6q. 2. 

ycTaHOBqcHHbiq cocTaB H3BqeKaeMbix komtuickcob n03BO- 
qaeT npeqnoqoaaiTb cqeqyroiquH MexaHH3M SKCTpaKqqq, yun- 
TbiBaa, hto SKCTpareHTOM aBqaerca TiioquaHaTHaa coqb /(AM: 

2LHSCN o + n(LH)OOCC 6 H 5(o) + [Me 2 + (SCN)J 2 - <-> 
(LH) 2 [Me 2 + (SCN) 4 ]-n(LH)OOCC 6 H 5(o) + 2SCN',, 

T.e. SKCTparqpyeTca TiioquaHaTHbiq KOMnqeKC hohob MeTaq- 
qoB, coqbBampoBaHHbiH 6eH3oaTHoil coqbio peareHTa. 

ycTaHOBqeHHe cocTaBa SKCTparapyeMbix KOMnqeKCHbix 
coeqHHeHHH, c oqHoil cTopoHbi, noMoraeT onpeqeqHTb xh- 
MH3M SKCTpaKHHOHHbix npoqeccoB, a c qpyroil - nporao3H- 
poBaTb onTHMaqbHbie ycqoBiia qqa H3BqeueHHa, pa3qeqeHHa h 
KOHqeHTpHpoBaHiM hohob MeTaqqoB. npq stom HeqB3a 3a6w- 
BaTb H O B03MOIKHOCTH yCTaHOBHeHIM aHaHOTHH Il.rill pa3qHHHa 
Meacqy SKCTpaKHHeil b KqaccHuecKHX acnqKHX qByxc]>a3Hbix 
CHCTeMax h CHCTeMax 6e3 opraHiiuecKoro pacTBopHTeqa h, b 
nacTHOCTH, b cjiynae SKCTpaKHHH pacnqaBaMH. 

//eiicTBHTeqbHO, Ha 6 qioqaioTca cyiqecTBeHHbie pa3qn- 
una b noBeqeHHH THoquaHaTHbix KOMnqeKCOB Cd h Zn npn 
SKCTpaKHHH xqopocJiopMHbiM pacTBopoM /(AM h pacnqaBOM 
CMeCH /(AM H EK. nOHBJBieTCS B03M05KH0CTB KOqHHeCTBeH- 
ho H3BqeKaTb pacnqaBaMH hohbi MeTaqqoB, KOTopwe HeB03- 
mo5kho 6 bmo H3BqeKaTb b cqynae 5KHqKO(]>a3HOH SKCTpaKHHH, 
He MeHaa npHpoqy pearema h ycqoBiia SKCTparapoBaHiia. 
3KCTpaKHH« pacnqaBaMH qaer bo3mo5khoctb co3qaTb bbico- 
Kyio KOHHeHTpaqHio pearema h noBbiciiTb BepoaTHOCTb 06 - 
pa30BaHIM MaqoyCTOHHHBBIX KOMnqeKCOB. npH nOBBIHieHHOH 
TeMnepaType h bbicokoh KOHHeHTpaqHH pearema yBeqHHHBa- 
erca CKopocTb 3KCTpaKHHH , hto cyiqecTBeHHO npn H3Bqene- 
HHH KHHeTHHeCKH HHepTHBIX KOMnqeKCOB. 
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TaOjinua 2. 

AHajiH3 opraHHnecKOH i|)a3bi nocqe 3KCTpaKHHH hohob KaqMHii h uiiHKa /(AM 
H3 THOHHaHaTHbIX pacTBopoB (V^ = 20 mji) 


Onpe^ejifleMbiH 

KOMnOHeHT 

BBeqeHo, n-10“* Moqb 

HailqeHO, n-10 -4 Moqb 

Cd 

Zn 

Cd 

Zn 

/(AM 

8,0 

10,0 

7,7 

10,2 

H 

10,0 

10,0 

7,8 

10,0 

Me 2+ 

4,0 

5,0 

3,8 

5,0 

SCN- 

40,0 

30,0 

15,1 

19,8 


14 




GISAP 

PHYSICS, MATHEMATICS AND CHEMISTRY 


2. Umland, F. Uber Additionsverbindungen des Tris-(8- 
hydroxychinolinato)-chrom (III) mit Alkoholen, Athern und 
Aminen // F. Umland, K. Adam // Zeitschrift fur anorganische 
und allgemeine Chemie. -1965.-B.341.-H.5-6.-P. 308-323 . 

3. Fujinaga, T. Analysis of metals by solid-liquid 
separation after liquid-liquid extraction. Spectrophotometric 
detennination of palladium (II) by extraction of palladium 
dimethylglyoximate with melted naphthalene / T. Fujinaga, 
H. Satake, T. Yonekubo // Talanta. - 1972. - V.19. - JVp5. - p. 
689 - 692. 

4. JIo6aHOB, cD.II. 3KCTpaicqHH HeopraHHueciaix coeqmie- 
hhh pacnnaBaMH opraHiiqecKHX BemecTB: b c6opmnce «IIto- 
m HayKH h tcxhhkh. Cep. HeopraHiiHecKaa xhmhh». T.7. M., 
1980. -84 c. 

5. IleTpoB, B.H. 06 ycTpaHemm ochobhoto HeqocTaTKa 
npoqeccoB xckhkocthoh SKCTpaicqHH HeopraquuecKiix coeqn- 
qeqqii / E.H. IleTpoB, EIO. AcjieHqHKOBa // JKypH. qpiiKJi. xh- 
mhh. - 1985. - T.58. - JVslO. - C. 2194-2199. 

6. IleTpoB, B.H. 06 qcqoJib30BaqnH paccjiaHBaioiqHxcfl 
cqcTeM c qorpaqqqqoq tpohhoh chctcmoh aHTiimipiiq - mo- 
qoxnopyKcycqan KHCJioTa - Boqa qua SKCTpaicqHH sneMeHTOB 
/ B.II. neTpoB, C.II. PoroacqqKOB, T.n. FEcoBJieBa // TKypq. 
qpiiKJi. xhmhh. - 1992. - T.65. - JNs5. - C. 1000-1007. 

7. neTpoB, E.H. npiiMeqeqqe bojihoh paccJiaHBaioiqeHCH 


cqcTeMBi, coqepxcaiqeq ,TiiaiiTiinnpnjiMeTaii n qacf>TajiHq-2- 
cynb(j)OKHCJiOTy qua SKCTpaKqqq noqoB HeKOTopbix MerajuioB 
/ E.H. neTpoB, C.A. ,H,eqHCOBa, T.n. FIicoBJieBa, A.E. JlecqoB // 
TKypH. aqajiHT. xhmhh. - 1998. - T.53. - Ns3. - C. 287-290. 

8. neTpoB, E.H. MeiK<j>a3qbie paBHOBecua n pacnpeqe- 
jieqqe KOMqjieKCOB MerajuioB b cqcTeMe Boqa - qqaqTqqq- 
pqjireqTaq - Hacf>TajiHH-2-cyjib(j>OKHCJioTa // E.H. neTpoB, 
C.A. /leqqcoBa, A.E. JlecqoB // TKypq. Heopr. xhmhh. - 1999. 
-T.44.-JV2l.-C. 141-143. 

9. ^.eHHCOBa, C.A. <Da30Bbie paBHOBecHH h pacnpeqejie- 
qne hohob MeTajuioB b CHCTeMe Boqa - quaHTHnHpHJiMeTaH - 
Ha<j)TajiHH-2-cyjib(j)OKHCJioTa - xjiopoBoqopoq / C.A. /jeHHCOBa, 
A.E. JlecHOB, E.H. neTpoB // TKypH. Heopr. xhmhh. - 2003. 
-T.48.-JV28.-C. 1381-1385. 

10. neTpoB, E.H. 7(HaHTHnHpHJiMeTaHbi icaic SKCTpaicqH- 
OHHbie peareHTbi / E.H. neTpoB // TKypH. aHajiHT. xhmhh. 

- 1983. - T.38. - JV 21 1. - C. 2051-2077. 

11. TKHBonucqeB, BE. MeToqbi noJiyueHHH h CBOHCTBa 
peareHTOB rpynnw .TiiaiiTHniipiiJiMeTaiia / B.n. JKHBomicqeB, 
E.H. neTpoB // yueHbie 3anHCKH nepMCKoro yH-Ta. nepMb: 
nepM. yH-T. - 1974. - JV2324. - C. 252-269. 

12. Jlypbe, IO.IO. CnpaBOHHHK no aHajiHTHuecKOH xhmhh 
/ IO.IO. Jlypbe. - 3-e H3q., CTepeoranHoe. - M.: Xhmhh, 1967. 

- 390 c. 









GISAP 

PHYSICS, MATHEMATICS AND CHEMISTRY 


UDC 542.61:547.775 

DELAMINATING SYSTEM ANTIPYRINUM 
- SULFOSALICYLIC ACID - WATER 
AND ITS APPLICATION FOR EXTRACTION 
OF IONS OF INDIUM (III) 

AND STANNUM (II, IV) 

M.I. Degtev, Doctor of Chemistry, Full Professor, Head of a Chair 
S.I. Rogozhnikov, Candidate of Chemistry, Associate Professor 
O.N. Popova, Postgraduate student 
A. A. Yuminova, Postgraduate student 
Perm State University, Russia 

Optimal conditions of the field delamination in the system 
antipyrinum - sulfosalicylic acid - water are found. They depend 
on the base compounds concentrations, the medium acidity and the 
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PACCJIAHBAIOmARCil CHCTEMA 
AHTHIIHPHH - C YJI b O 0 CAJI M U, M JI 0 BA 51 
KHCJIOTA - BOM H EE IIPHMEHEHHE 
MR 3KCTPAKUIIII HOHOB IIHTU1M (III) 
H OJIOBA (II, IV) 

.IJerreB M.H., q-p xhm. HayK, npoij). 

PororaiiKOB C.H., KaHq. xhm. Hayx, qoueHT 
IlonoBa O.H., acmipaHT 
lOMHHOBa A. A., acmipaHT 
IlepMCKHH TOCyaapCTBeHHblH HamiOHajItHBIH 
HCCJieaOBaTeJItCKIIH yHIIBepCHTeT, Poccua 

Olipcacjiciii.i oirrnMajii.iiF.ic ycJioBiia oSnacra paccjiaHBaroia b chc- 
TeMe aHTiimipHH - cyjn.(})Ocajirii[Hjroi',ari KHCJioTa - nojia b 3aBHCHM0CTH 
ot KoinFcinpamiri ociioiiin.ix KOMnoHeHTOB, khcjiothocth cpc/u.i a bi.i- 
canHBaTejia. O6pa3yiomaaca opi aiin'iccKari (Jia3a 3(j>(j>eKTHBHO H3BJieKaeT 
MaKpoKoamecTBa EinjFHa (III) h oaoBa (II, IV). YcTaHOBJieH cocTaB h Me- 
xaHH3M 3KCTparnpyeMbix coejFFiiieFiFjn a npeqnoaceH Fiapiaai ff nx ccjick- 
TIIBHOrO lil.lJFCJICIFFia. 

K.iiobcbi.ic cjiOBa: aHTHnnpHH, cyatcJiocajiimiiJioBaa kfic-IOTh, 
xjiopoiiojFopojFFiaa KHCJioTa, CTeneHb HjiiJie'iciiria. cyjiF.{|iai iiaipua. 

y aacTHHKii K'oii(|)cpcimriri. [ laiiiioFiajii.irom nepBeHCTBa 
no iiayiiioH aiiajiHiaiKC 


H 3 MH0r006pa3HH SKCTpaKqHOHHWX MeTOqOB BbiqeHeHHH 
h pa3neJieHiw hohob MeTajiJioB npeqnoHTeHHe HMeioT 
CHCTeMBi 6e3 opraHHnecKoro pacTBopHTeaa. Taraie chctcmw 
o6ecnemiBaioT He tojibko bbicokhc K03(j>(})HHHeHTbi pacnpeqe- 
jieHiw BemecTB, ho h 6e3onacHOCTb pa6oTbi h B03M0acH0CTb 
C03qaHHH 3K0JI0rHHeCKH HHCTWX npOH3BOqCTB. 

CpeqH opraHimecKHX coequHemiii aHTunupun (All) h 
cyab^ocaanqiiHOBaa KHCJioTa (CCK) - rnupoKO H3BecTHbie 
peareHTbi. C tohkh 3peHHa coBpeMeHHbix TeoperaaecKiix 
npeqcTaBJieHHH CTpoemie aHTunupuHa MoaceT 6biTb Bbipaace- 
ho (JiopMyjioH, coniacHO KOTopofi b MOJieKyjie Ha6aioqaeTCH 
CHJibHbiH cqBHr 3JieKTpoHHOH njioTHOCTH BqoJib qemi conpa- 
aceHiia qBOHHbix CB«3eH k KHCJiopoqy Kap6oqnjibqoH rpynnw. 

TaKoe CTpoeque onpeqeaaeT 3qaHHTejibqyio noaapHOCTb 
anTHniipuna h ero BbicoKyio pacTBopiiMOCTb b Boqe. Ilpii BBe- 
qeHiin b pacTBop, coqepacaiqini aHTiimipiiH, HoqoB Boqopoqa 
qocjieqqqe qBHacyTca k HMeioiqeMy aacTHHHWH OTpHqareab- 
hwh 3apaq aTOMy KHcaopoqa. Ilpoqecc qpoTeKaeT coniacqo 
ypaBqeqmo: 


O 


HC^=C CH, 

Uc N CH.+I-P 


c 6 h 5 



c 6 h 5 


O npucoeqHHCHHH qpoToqa k Kap6oqnjiy c nocaeqyio- 
iqnM o6pa30BaHHCM rHqpoKcorpynnw CBiiqeTeabCTByioT UK 
cqeKTpw cojieii aiiTnnnpnna, b KOTopbix qojioca noraoiqe- 
Hua Kap6oqiiJibHOH rpyqqw 1660 cm -1 jih6o coBceM Hcae3aeT, 
jih6o CMeiqaeTca b HH3KoaacTOTHyio o6nacTb 6oJiee aeM qa 
100 cm- 1 . 

CyiqecTByioiqHH b khcjibix cpeqax KaTHoq aHTiinupiiHiia 
co MqorHMH aHHoqaMH, b tom queue MeTajiaoKOMnaeKCHbiMii, 
o6pa3yeT Hoqqwe accoquaTbi: (LH)X; (LH) m [M^X ], rqe 
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M z+ - noq MeTajuia, X- - oqH03apaqHWH aquoq, L - aHTH- 
qnpnq. H3Beerqbi coeqHHCHiia aqTuqnpnqa h aqoMajibqoro 
cocTaBa (L,H) [M Z X ]. UK cqeKTpw sthx coeqHHeHiiii b 
KpHCTajunmecKOM cocToaqun npaKTimecKH qe OTJiHnaioTca ot 
cqeKTpoB coeqHqequfi o6wqqoro cocTaBa, hto CBHqeTeabCTBy- 
eT o CBa3WBaHHH Bcex MOJieKyji aqTuqnpuHa aepe3 Kiicaopoq 
rpyqqw C=0. CoeqHHeHiia aBJiaioTca hohhiimh ac c o ii h aT a m h 
oqueBoro KaTHoqa qnaiiTnnnpHiiria, b kotopom B03qHKaeT 
MeacMOJieKynapqaa BoqopoqHaa CBa3b Meacqy nepBOHaaaabHO 
o6pa30BaBmnMca KaraoHOM aHTiinupiiHiia h MoaeKyaoH cbo- 
6oqHoro anTHniipuna. 

IlpH pacTBopequn All h cyab^ocaanqiiaoBOH khcjiotbi b 
Boqe TaKace nponcxoqHT KHCJioTHO-ocqoBqoe B3aiiMoqeHCTBiie 
c o6pa30BaHHCM cojih cyjibiJiocajiHqHJiaTa aqTHqupuHHa. IIoc- 
jieqqaa b BHqe noqqoro accoqHara o6pa3yeT opraqimecKyio 
(J)a3y (0<D) o6T.eMOM 1, 5-3,0 mji, KOTopaa H3BJieKaeT H3 Boq- 
qwx pacTBopoB KOMqjieKcw noqoB MeTajuioB pa3JiHqqoro co- 
cTaBa. 06beM 0<t> 33BHCHT ot oqpeqeJieqHoro cooTHomequa 
KOMqoqeHTOB AIIjCCK, OTKJioqcHHe ot KOToporo qpHBoqHT k 
qojiHOH roMoreqH3aqnH chctcmw hjih k BbiqeJieqHKt TBepqwx 
(J)a3 qepeMeqqoro cocTaBa. 3KcqepHMeqTajibqo ycTaqoBJieqo, 
hto qua qpiiMeqequa paccjiaHBaioiqeHca chctcmw All - CCK 
- H,0 b KanecTBe 3KCTpaKqHOHHOH Heo6xoqHMO co6jnoqaTb 
cooTHomeHne AILCCK = 6,8-6,2:3,2-3,8 (pnc. 1). B MOJiap- 
hom oTHomeHHH 3to 6yqeT, mojib/ji: 0,6 : 0,3. 

PI 3 pnc. 1 caeqyeT, hto yKa3aHHoe cooTHomeHne o6ecne- 
HHBaeT o6beM O® 3,2 mji h qaeT ycTOHHHBoe paccjiaHBamie 
CHCTeMW 6e3 KpHCTajqiH3aqHH qaace npn noHnaceHHOH TeMne- 
paType 285-288 K. 

3HaneHHe pH oprammecKOH h bouhoh (Jia3bi cocTaBJiaeT 
1,8 eq. h oho H3MeHaeTca Ha 0,40 eq. npn BBeqeHHH 3,5 mji 
1,0 Moab/q HC1 h Ha 0,32 eq. b npucyTCTBHH 2mji 1,0 Moab/q 
NaOH. nepBOHaqaabHWH o6beM CHI’ (3,2 mji) h b tom h b qpy- 
roM caynae yMeHbmaeTca qo 2,0 mji. IoMoreHiBaqua chctcmw 
Ha6aioqaeTca cooTBeTCTBeHHO npn 5,4 mji 1 Moab/q HC1 nan 
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2,8 mji 1 mojih/ji NaOH. nojiyqeHHbie naHHbie cBHfleTeJibCTBy- 
iot o HOCTaTOHHO BbicoKoii 6yc)>epHOH eMKOCTii paccnaHBaio- 
iqeHCH CHCTeMbi. 

B onTHMajibHbix ycJiOBHHX paccnaHBaHHH (2 mojib/ji: 
All = 3 mji, CCK =1,6 mji, V n6ii[ = 10-15 mji) HccnenoBaHa 
3KCTpaKqiM hohob ojioBa (II ii IV) h hhhim (III). Pacnpenene- 

HHe MaKpOKOJIHHeCTB (11 0 ^ MOJIb) HOHOB MeTajIJIOB HCCJieflO- 
Bajin b qeJiHTeJibHbix BopoHKax bmccthmoctbio 50 mji. IlocJie 
BCTpHXHBaHHfl fleJIHTeJIbHbIX BOpOHOK 30 CeK, nOCJieHHHe oc- 
TaBJMJiii no nojiHoro paccJioeHHH <J)a3 (~30 mhh) h onpenejia- 
jih conepHcamie hohob MeTajuioB b opraHHHecKoii h bohhoh 
(Jia3ax KOMnjieKCOHOMeTpHHecKH [1], 

Ha pnc. 2 npeHCTaBJieHbi cbchchhji no SKCTpaKqHH hohob 
ojioBa (II, IV) b opraHHnecKyio (j>a3y b 33 bhchmocth ot koh- 
HeHTpanHH HC1 hjih NaOH. noKa3aHO, hto npn KOHHeTpaqHH 
HC1, paBHoii 0,1 mojib/ji (pacTBopw ojioBa npHroTOBJieHbi Ha 
2 mojib/ji HC1), H3BJieHeHHe MaKCHMajibHoe h cooTBeTCTByeT 
88% - Sn(II) h 92% - Sn(IV). npH stom 3HaneHHe pH paBH CTa- 
hobhtch paBHbiM 1,40. ^onojiHHTejibHoe BBeqeHHe HC1 hjih 
NaOH npHBOHHT k yMeHbineHHio o6beMa opraHHHecKoii (Jia3bi 
h, KaK cjieqcTBHe, k chhikchhio H3BJieHeHH5i ojioBa (II, IV). 

J\na noBbmieHHH H3BJieHeHHH ojioBa H3yqeHO bjihhhhc 
puna HeopraHHHecKHX cojieii (NH 4 C1, KC1, CaCl 2 , MgCl,) Ha 
(J)a30o6pa30BaHne h pacnpeneJieHHe hohob ojioBa (II) h (IV). 
II 3 paccMOTpeHHbix cojieii Han6ojibmee BJiiiHHHe OKa3WBaeT 
xjiopHH KajiHH, Tax, HaHHHaa c KOHqeHTpaiiHH KC1, paBHoii 
1,3 mojib/ji, Ha6jnoHaeTC5i kojihhcctbchhoc H3BJieHeHiie ojioBa 
(II, IV). npq 3 tom o6beM opraHHHecKoii (Jia3bi yBeJiHHHBaeTca 
HO 3, 2-3, 3 mji, a CTeneHb H3BHeHeHHH hohob ojioBa cocTaBjraeT 
> 99%. 

,H,ajibHeHmee yBejiHHCHHe KOHHeHTpaqHH KC1 He BJiiineT 
Ha SKCTparnpyeMOCTb hohob MeTajuia, hto CBinaHO c TimoM 
H3BJieKaeMbix coeflHHeHiiii. B ycJiOBHHX nocTaTOHHoro H3- 
6bITKa XJIOpHH-HOHOB OHOBO (II) H OHOBO (IV) o6pa3yiOT 3KC- 
TparnpyeMbie xnopHflHbie KOMnneKCHbie aHHOHbi Bbicmero 
nopaHKa [SnClJ 2- hjih [SnClJ 2- . nocneflHHe H3BJieKaioTC5i b 
opraHHHecKyio (Jia3y b bhhc hohhoto accoqnaTa c npoTOHH- 
poBaHHoii (JiopMOH pearema, conbBaTHpoBaHHbie cyjibcjioca- 
JIHHHJiaTOM aHTHnHpHHHH, HTO nOHTBep>KHCHO SKcnepiiMeH- 
TajibHbiMH naHHbiMH no 3JieMeHTHOMy aHaHH3y 3KCTpaKTa. 
Tbkhm o6pa30M, H3BJieKaeMbie KOMnneKCbi mohcho npeflCTa- 
BHTb b cnenyioiHeM BHfle: (AnH),[SnCl 4 ]'(AnH)CCK h 
( A n H) 2 [SnCl 6 ]'(An H)CCK . 

Ha pnc. 3 npHBeneHbi naHHbie 06 SKCTpaKHHH hohob hh- 
Hhh (III). KaK cnenyeT H3 pncyHKa, SKCTpaKHHH MaKpoKOJiH- 
necTB hhhhh He npeBbimaeT 50%, hto CBH3aHO c HajiHHHeM b 
CHCT eMe H 2 S0 4 , Ha KOTopoii npHroTOBJieH pacTBop In 2 (S0 4 ) 3 . 
B CBH3H C 3THM HOnOJIHHTejIbHO HCCJieHOBaHa SKCTpaKHHH HH- 

Hhh (III) ot nepeMeHHbix kojikhcctb H,S0 4 (0,25 mohb/h) h 
0,5 MOJib/ ji NaOH hhh NH 4 OH. 

TJaHHbie pHC. 3 CBHHCTeJIbCTByiOT O TOM, HTO BBeneHHe 
H,S0 4 noHaBJiaeT CTeneHb H3BJieHeHHH hhhhh. H, HanpoTHB, 
NaOH h NH 4 OH noBbimaioT H3BJieHeHHe hhhhh ho 78 h 70% 
cooTBercTBeHHO . TaKoe noBeneHne paccnaHBaioiHeHCfl CHCTe- 
Mbl CBH33HO C MeX3HH3MOM H COCTaBOM H3BJieKaeMOTO KOMn- 
neKca. HajiiiHue H,S0 4 nonaBJiHeT H3BJieHeHHe xenarabix kom- 
nneKCOB h KOMnjieKCOB BHeHpeHHH, hto coraacyeTCH c HHTe- 
paTypnbiMH HaHHbiMH [2], npucyTCTBHe NaOH hhh NH 4 OH 


V 04 ,, Mn 



-t 1 1 1 1 1 1 — V(CCK),md 

4.0 3.8 3.6 3.5 3.4 3.2 3.0 


Phc. 1. 3aBHCHMOCTb V ot KO.iHoeci Ba 2 mojib/ji 
pacTBOpoB All h CCK b miTepBane hx coothohichhh 
7:3 -6:4 



V (NaOH ), mji 


V(HCI), mji 


Phc. 2. 3aBHCHMOCTb CTeneHH H3BJieHeHHH hohob ojioBa 
(II, IV) OT KOJlHHeCTB 1 MOJlb/jI paCTBOpOB HC1 

hjih NaOH b CHCTeMe An - CCK - H 2 0 
(C An = 0,6 mojib/ji, C cck = 0,4 MOJib/ji) 


E,% 



Phc. 3. 3aBHCHMOCTb CTeneHH H3BJieHeHHn hhhhh 
OT KOJlHHeCTB 0,25 mojib/ji H 2 S0 4 , 

0,5 MOJib/ji NaOH hjih NH.OH: V . = 10 mji 

4 OO III 


noBbimaeT 3HaneHHe pH y m h nonaBJiaeT aKTHBHOCTb bohbi, 
hto h b tom ii npyroM cjiynae cnoco6cTByeT H3BJieHeHiiio 
xenaTHbix KOMnjieKCOB In c CCK h KOMnjieKCOB BHenpeHim 
HHHHH (III) C An. 
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B.mmiiie Koimeirrpaqiiii BbicajiHBaTejia Ha CTeneHb H3BJieHeiiHH mi ina (III) 
b opraHHHecKyro (J)a3y: All - 0,6 MOJib/ji; CCK - 0,32 MOJib/ji 


TafljiHua 



* B 0<t> eunadatom Kpucmawibi cyjibtpama tcanm. 


** 3KcmpaKifwo npoeodwiu npu Hazpeeamiu cucmeMbi do 333-343 K e meneitue 5-7 muh. 


06ocHOBaHHOCTb TaKoro npennoJicDKeHiM qoqTBepacqeHa 
bjiimhhcm KoqqeqTpaqqq BbicajiHBaTejM ((NH 4 ),S0 4 , Na,S0 4 , 
K,S0 4 ) qa CTeqeqb H3BqeHeqi«i qqqiM (III). J\jw co3qaqi«i qe- 
o6xoqqMoro 3HaHeqi«i pH b paccJiaHBaioiqyiocji CHCTCMy 
BBoqqjin 3 mji 0,5 mojib/ji NaOH, oqpeqeqeqqoe KoqqnecTBO 
BbicajiHBaTejqi n qoBoqqqq o6T>eM bohhoh (j>a3Ei qo 10 mji qqc- 
THJiJiqpoBaqqoH Boqoil. nojiyqeqqbie pe3yjibTaTbi (Ta6nqqa) 
qoKa3ajiq, hto MaKCHMajibqyio CTeqeqb H3BJieHeqq5i o6ecqe- 
HHBaioTNa,S0 4 (98,6%) q (NH 4 ),S0 4 (94,6%). CyjibiJiaT KajiiM 

Mano3(J)(J)eKTHBeq BCJieqcTBHe qeBbicoKofi ero pacTBopHMOCTH 
q qeqojiHoro H3BJieHeqq5i In(III). B cjiyqae Na,S0 4 Heo6xo- 
qqMO HarpeBaTb Boqqyio (j>a3y qpq TeMqepaType 333-343 K 
(5-7 Miiq) qo qoqqoro pacTBopeqqq BbicaqqBaTeqq. CneqyeT 
OTMeTHTB, hto BBeqeqqe BbicaqqBaTejM yBeqqHHBaeT o6i>eM 
opraqiinecKOH (j>a3Ei BqBoe. IIo BbicaqqBaioiqeH cqoco6HOCTH, 
yBeqqHHBaioiqeH CTeqeqb H3BqeHeqiM qqqiM, cyqbcfiaTbi iqe- 
qonqbix aneMeHTOB n KaTHoqa aMMoqua pacqoqojKeqbi b qoc- 
qeqoBaTeqbqocTq: Na,S0 4 > (NH 4 ),S0 4 > K,S0 4 . 

B oqTHMaqbqwx ycqoBHHX H3BqeHeqiM In 3+ qocTpoeHa 
H30TepMa 3KCTpaKqqq, corqacqo KOTopofi qacbiiqeque opra- 
qiiHecKoii (Jia3bi qpoHcxoqHT qpq KoqqeqTpaqqq sqeMeqTa b 


BoqHoii (j>a3e, paBqoil 0,3 mohe/h. Ilpn stom MaKCHMaqbqaH 
KoqqeqTpaqqa qqqiM (III) b OO cocTaBjraeT 0,118 mohe/h. 
JIorapqiJiMHHecKaH 3aBHCHMOCTb lgD |n - lgC(In) B qoKa3aqa, 
hto b qqTepBaqe KoqqeqTpaqqq In(III) b BoqHoii (j>a3e ot 0,01 
qo 0, 1 mohe/h Taqreqc yrqa qaKqoqa KpqBoii 6 hh30k k 1 , hto 
CB qqeTeqbCTByeT o MoqoMepHoii (jiopMe sqeMeqTa b cocTaBe 
KOMqqeKca. 

II 3 qpqBeqeqqbix qaqqwx H30TepMbi SKCTpaKqqq, a TaKace 
qorapqcfiMHHecKOH 3aBHCHMOCTH lgD |n - lgC(AIl) n aqaqq- 
30 M Hacbiiqeqqbix noqaMH qqqiM SKCTpaKTOB Moxcqo qpeq- 
qoqojKHTE cooTqomeqqe KOMqoqeqTOB b KOMqqeKce, paBHoe 
AII:In(III):CCK = 2:1:2. IloJiyHeqHoe cooTHomeqqe qo3BOJra- 
eT Bbipa3HTb KOMqqeKC b Bqqe coqBBaTa cqeqyioiqero cocTaBa 
[(CCK ) 2 -In 3+ -2An] + (An 2 H)CCK . 
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n ocTauoBKa ia,ui'in 

IlmeMHHecKaa 6oJie3Hb cepqqa qoMiiHiipyeT b CTpyierype 
3a6oJieBaeMOCTH h aBJiaeTca ochobhoh npHHHHOH HFiBaJin/in- 
3aqqq HaceneHiia Pocchh h qpyrux 3K0H0MnaecKH pa3BHTbix 
CTpaH. HmeMra MHOKapqa o6ycJioBJieHa chhikchhcm ero nep- 
(J)y3HH, BBi3BaHHoq 0KKJiio3HeH KopoHapHbix apTepnii (KA). 
Cpeqq okkjho3hohhwx nopaxceHiiii KA Jiqqqpyiomee noao- 
xceHiie 3aHHMaeT aTepocKJiepo3. 

B nocneqHee BpeMa b 3apy6e»CHOH h OTeuecTBeHHOH jih- 
TepaType noaBJiaeTca Bee 6oJibme ny6jiqKaqqq, aKqeHTqpyro- 
iqiix BHHMaHHC Ha reMoqHHaMHHecKoq Teopqn aTeporeHe3a. 
H3yqeHHK) noqBeprayTbi KaK pa3JiHHHbie MexaHH3Mbi bjihahm 
noToxa KpoBH ea cocyqHCTyio CTeHKy, Tax h BJinaHiie nopa- 
>KeHHOH cocyqHCTOH CTeHKH Ha pacnpeqeJieHHe h CBOHCTBa 
nOTOKOB KpOBH. 

yqeHbiMH ycTaHOBJieHO, hto o6jiacTH c hh3khmh KacaTejib- 
HbiMH HanpaaceHHaMH, b tom micne yuacTKH, 6jiH3KHe Kpa3BeT- 
bjichimm, HCKpuBJicHiMM hjih cyacemiaM apTepnii, 6oJieearepo- 
reHHbi [1, 2, 3, 4], B CBeTe TeopnH aTeporeHe3a 3HaHHTejibHbni 
HHTepec npeqcTaBJMioT pa6oTbi Kumar [5] no H3yueHHio Kopo- 
HapHbix aprepHH, nopaacemibix aTepocKJiepo30M. 

HecMOTpa Ha orpoMHoe KOJinuecTBO pa6oT, nocBaiqeH- 
hmx MoqeJiHpoBaHHio h pa3JiHHHbiM MeToqaM uccJieqoBaHiM 
cepqeuHO-cocyHHCTOH CHCTeMbi, Ha ceroHHaiHHiiii qeHb HeT 
qaHHbix, onucbiBaioiHHX reMO/iwiaMiiKy h ynpyro-qeijiopMa- 
THBHbie CB0HCTB3 HaTHBHbIX KOpOHapbIX apTepHH C yueTOM HX 
B3aHMoqeHCTBHa c MiioKapqoM. 

J\na H3yqeHiM reMOHHHaMHKH h HanpaxceHHO-HeijiopMH- 
poBaHHoro cocToaHiia KopoHapHbix apTepHH cepqqa uenoBe- 
Ka Heo6xoqHMO nocTpoeHHe MaKCHMajibHO tohhoh KOMnbio- 
TepHOH MoqeJiH c 3aqaHHeM peaabHbix napaMeTpoB cbohctb 
MaTepHaaa. B CBa3H c 3thm, onpeqeJieHne reoMeTpHH h Me- 
xaHHuecKiix cbohctb TKaHefi aBJiaeTca Heo6xoqHMbiM noqro- 
TOBHTejibHbiM 3TanoM npoqecca MoneJiHpoBaHiia. B qaHHoii 
pa6oTe npeqcTaBJieHbi pe3yjibTaTbi HccJieqoBaHiia MexaHiiuec- 
KHX CBOHCTB KOpOHapHbIX apTepHH H pe3yJIbTaTbI HHCJieHHOTO 
MoqeJiHpoBaHHa noBeqeHiia jieBofi h npaBoii KopoHapHbix ap- 
TepHH, 3aKpenjieHHbix Ha nyabcnpyioiHeM MiioKapqe b eopMe 
h npn pa3JiHHHbix CTeneHax nopaaceHHH aTepocKJiepo30M. 
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MO/tEJIHPOBAHHE rEMO/tHHAMHKH 
KOPOHAPHBIX APTEPHH 
C YHETOM HX B3AHM0HEHCTBHR 
C MHOKAP/JOM 

IHyiKHHa 0., acmipaHT 

KHpimnOBa H.B., Kaiqt. 4>H3.-Max HayK, aoueHT 
CapaTOBCKiiii rocynapcTBemibiH ymiBepciiTeT 
hm. H.r. BepHbimcBCKoro, Pocciia 

I [pOBC/FCHO HCCJICVlOIiailHC MexaHJinecKHX CBOHCTB KopoHapHbix ap- 
TepHH (KA), KOMntioTepHoe 3 D MO.TC-iHpoiiainic h HHcaeHHbiH aHanna 
iiaiip5r,Keiiii()-.TC([)opMHpoisaiiiio[o coctohhhh ( H p (C) n icmo.thi laMHKTi 
JieBofi h npaBoii KopoHapHbix aprepHii. V1arcpHa.ii cTeHOK apTepnii iipcp- 
nojiaraaca KaK JIHHeHHblH H30Tp0nHblii, KpOBb - HblOTOHOBCKOH JKHUKOC- 
Tbio. [ [ poBC.TCH aHanH3 nojiyHeHHbix aaHHbix ana KopoHapHbix apTepnii c 
y'icrovT hx inaHMO.TCHc riiiia c MHOKap.TOM. 

KjHOneBbie cjiOBa: iiiiieMH'iccKaa 6oJie3Hb cep/uui, arepocKJiepo3, 
KopoHapHbie apTepun, KoiicTFio-'rieMCiniioc MO/Fe.iHpoisaiiiic. 

Y aacTHHKH KOH(J)epeHHHH, HamioHajibHoro nepBeHCTBa 
no HayaHOH aHajiHTHKe 

MexaimnecKHe [icm.iiamiii 

HccJieqoBaHHa npoBOHHJiHCb Ha HacTOJibHOH ohhokojioh- 
hoh HcnbiTaTejibHOH MamiiHe Instron 5944. 

3KcnepHMeHT 6 biji npoBeqeH qua 60 KA (30 JIKA, 30 IIKA) 
c HcnoJib30BaHHCM BioBath npn KOMHaTHoii TeMnepaType b 
0,9% bohhom pacTBope xjiopHqa HaTpna - (J)H3HOJiorHHec- 
kom pacTBope. IIcnoJib30BaHHe BioBath no3BOJiaeT npoBO- 
HHTb HcnbiTaHiia b xchhkoh cpeqe, hto noBbimaeT tohhoctb 
pe3yabTaTOB, coxpaHaa cbohctb 3 apTepnii npn6jiH5KeHHbi- 
mh k (J)H3HOJiorHHecKHM. Bo Bcex cjiyuaax npiiMHiia CMepra 
6buia He CBa3aHa c nopaaceHiieM KopoHapHbix apTepnii. Bee 
MaTepnajibi 6 mjih pacnpeqeJieHbi no 4 B03pacTHbiM rpynnaM: 

I rpynna - 61-70 ner, II rpynna - 51-60 JieT, III rpynna - 
41-50 JieT, IV rpynna - 3 1-40 nex 

flo Hauajia TKcnepnMeHTOB o6pa3HW coxpaHajmcb Taxace b 
(J)H3HOJiornHecKOM pacTBope npn TeMnepaType 20±1C°. 

06pa3HW Bbipe3aaHCb H3 cocyqa b HByx HanpaBJieHiiax 

- npoqoJibHOM h OKpyacHOM. B cpeqHeM qjiHHa o6pa3qa co- 
CTaBJiaaa 1 = 30±0,02 mm qua npoqoJibHoro n 1 = 8±0,02 mm 
qua OKpyxcHoro HanpaBJieHnii HarpyaceHHa. TojiiquHy o6pa3- 
qa onpeqejiajiH HinJipoBbiM MHKpoMeTpoM c norpeumocTbio 
He 6oaee ± 0,005 mm. B cayuae HHJiHHHpiiHecKoro o6pa3qa 

- bhcihhhh qnaMeTp ceueHHa H3MepaioT b Tpex MecTax no 
HJiHHe o6pa3qa (b cepeqHHe h y tophob). /I,onycKaeTca pa3- 
HocTb HHaMerpoB no BceM H3MepeHnaM He 6oaee 0,01 mm. 3a 
pacueTHbiii nnaMeTp npiiHHMaioT cpeqHee apniJiMeTHHecKoe 
pe3yabTaTOB Bcex H3MepeHHH. 

/lyia BOCCTaHOBJieHHa (J)H3HKO-MexaHHHeCKHX CBOHCTB 
cocyqa, npn6jiH5KeHHbix k (})H3HOJiorHHecKOMy cocToaHHio, 
npoBoqHJiocb 3 HHKJia «npeqnoHroTOBKH» (pnc. 1). CxopocTb 
HarpyaceHiia cocTaBJiana 20 mm/mhh. 

B pe3yabTaTe 3KcnepnMeHTa 6biJin nojiyqeHbi rpa(J)HKH 
3aBHCHMOCTH OTHOCHTejibHoro yqjiHHeHHa - HanpaaccHiia, 
KOTopwe HMeioT apKO BbipaaceHHbiii jinHeHHbiii xapaicrep npn 
ohhoochom pacTaaceHHH. 

AHaaH3 nojiyqeHHbix pe3yjibTaTOB qua ochobhwx cerMeH- 
tob KopoHapHbix apTepnii noKa3aji: 

- o6pa3HW IV rpynnw (31-40 JieT) o6jiaqaioT 6oJibmeii 
ajiacTHHHOCTbio, HeacejiH o6pa3HW I rpynnw (61-70 JieT); 

- npn nopaaceHHH CTeHOK cocyqoB MejiKoouaroBbiM h 

19 



GISAP 

PHYSICS, MATHEMATICS AND CHEMISTRY 



•l-fcmooi 
-2 -ft moji 
•3-ftmoji 


OTHoarre/ibHoe yflHMHeHne 

Phc. 1. TpaiJiHK bocctbhobjibhiih (J)H3HOJiorHHecKHx cbohctb MaTepnajia npn «npenBapHTejibiiOM» HarpysKeiiHii 


KpynHOOHaroBWM KapqnocKqepo30M o6pa3qw qeMOHCTpnpy- 
kjt Majiyio ajiacTHHHOCTb, HeacejiH He nopaacennwe qaHHoil 
naraHorneil; 

- yMeHbmeHne ajiacTHHHO cth npq OTqaqeHHOCTH cerMeH- 
Ta ot ochobhoh bctbh apTepffli; 

- pOCT HCeCTKOCTH TK3HH npil B03paCTHbIX H3MeHCHIMX 
CTeHOK KopoHapHbix apTepHH cepqqa HeJioBeKa: 

- HJI5I OCHOBHOTO CTBOJia JIKA H3MeHeHHe XCeCTKOCTH B 
10 pa3 ot IV (0.05 Mila) k I rpynne (0.5 Mila); 

- qqa orn6aioiqeH bctbh JIKA H3MeHeHHe acecTKOcra b 
10 pa3 ot IV (0.02 Mila) k I rpynne (0.2 Mila); 

- q jm qqaroHajibHbix BeTBeil JIKA H3MeHeHHe acecTKOcra 
b 6,5 pa3 ot IV (0.15 Mila) k I rpynne (0.97 Mila); 

- qua ocHOBHoro CTBOJia IIKA H3MeHeHne acecTKOCTH b 
10 pa3 ot IV (0.04 Mila) k I rpynne (0.4 Mila). 

AHajiH3 npoHHOCTHbix cbohctb noKa3an, hto: 

- BeTBn IIKA npoHHee BeTBeil JIKA b cpeqHeM Ha 15%; 

- KpynHbie cerMeHTbi apTepnil o6naqaioT 6oJibmeil npo- 
HHOCTbKJ no CpaBHeHHIO c mcjikhmh; 


- qjisi KpynHbix cerMeHTOB apTepnn pa3Hima Meacqy npe- 
qejiaMH nponHOCTH qua I n IV B03pacTHbix rpynn He 6oqee 
45%; 

- qqs MeqKnx cerMeHTOB apTepnil pa3Hnqa Meacqy npe- 
qeqaMH npoHHOCTH qqa I n IV B03pacTHbix rpynn cocTaBqaeT 
nopaqKa 70%. 

3to yKa3WBaeT Ha Heo6xoqnMOCTb 6oqee paHHero npoBe- 
qeHHH MeponpiMTuil no npofJmqaKTHKe cepqenHO-cocyqncTbix 
3a6oqeBaHHH. 

nocTpoemie 3D Moqe.ieii KopoHapHbix apiepiiii 

/]qa peKOHCTpyKnnn peaqbHoil reoMeTpnn apTepnil, ynn- 
TbiBaKtinnx BHyTpeHHHn peqbecj) cocyqa, npiiMCHsmca Meroq 
3aqnBKH chhukohom in vitro (pnc. 2, 3), a Tax ace qaHHbie Mop- 
(JioMeTpnn, npeqqoacennbie b pyKOBoqcTBe qqa Bpaneil [6], c 
ncnoqb30BanneM cneHnaqH3npoBaHHoro nporpaMMHoro naKe- 
Ta SolidWorks 2008 (pnc. 4). 

B cooTBeTCTBne c qaHHbiMn, noqyneHHbiMH npn rncToqo- 
runecKOM iiccqeqoBaHHii, 6bma 3aqaHa ToqiqnHa ctchok Kopo- 
HapHbix apTepnil. 
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HMnopTHpoBaHHe laimi.ix b KimCHiio-l.iCMCin ni.iii naKeT 

H3yHeHne HanpaaceHHO-qecjiopMHpoBaHHoro cocToaHiia h 
reMOHHHaMHKH KopoHapHbix apTepiifi npoBoqHqocb nocpeqc- 
tbom KOHeHHO-aneMeHTHoro naxeTa ANSYS Multiphysics. J\na 
pacneTOB Ha noJiyneHHbie o6i>eMbi 6biJia HaqoaceHa Hepery- 
jiapHaa TeTpasqpnqecKaa ceTKa c pa3MepoM saeMeHTOB 0,0007 
qqa CTeHKH npaBofi h 0,0009 qqa ctchkh qeBofi KopoHapHbix 
apTepiifi h 0,0005 qqa amqKOCTH (pnc. 5). 



Phc. 5. Hajioaceime pacneTHOH ceren Ha Moqejib 
KopoHapHbix apTl'piIH 


Pe3yjibTaTbi pacienm 

IlpH HHCJieHHOM MOqeqHpOBaHHH qHFiaMHKH KpOBOTOKa 
h Hanpa>KeHHO-^ie(J)opMHpoBaHHoro cocToamia ctchok Ko- 
poHapHbix apTepnii KpoBb npeqnoqaraqacb oqHopoqHofi, He- 
CIKHMaeMOH H HblOTOHOBCKOfi IKHHKOCTblO. MaTepHajI CTeHOK 
npeqnoqaraqca oqHopoqHbiM, H30TponHbiM, HqeaqbHO-yn- 
pyrHM. /],BH5KeHHe ctchkh b HecTaqHOHapHOM cjiynae omi- 
cwBajiocb BTopbiM 33KOHOM HbioTOHa. Topqbi cocyqa acecTKO 
3aKpeqjieqw. 

Ha CTeqKe apTepHH CTaBHJiocb ycJiOBHe paBeqcTBa CKopo- 
CTefi qacTHq ikhhkocth, qpujieraioiqHX k CTeqKe, h cooTBeTC- 
TByioiqHX qacTHq CTeqKH. Ha y3Jiax sqeMeHTOB, qpqqaqjie- 
acaiqnx BHenmefi CTeHKe apTepHH, conpHKacaioiqefica c mho- 
KapqoM, 3aqaBanocb qaBJieqqe, cooTBeTCTByioiqee BqemqeMy 
qaBJieqqio cepqenHofi Mbiinqw qa KopoHapqwe apTepHH. 

Ha Bxoqe b apTepnio 3aqaBaqacb CKopocTb TeneHiia KpoBH, 
H3Meqaioiqaaca qo (JiHBHOJiornHecKOMy 3aKOHy. Ha Bbixoqe 3a- 
qaBajiocb qaBJieqqe, cooTBeTCTByioiqee BHecocyqncTOMy caca- 
thio cerMeHTOB, qorpyaceqqbix b MiioKapq. 

MexaquqecKHe xapaKTepHCTHKH KpoBH, CTeqKH apTepHH, 
TKaqefi cepqqa: 

p, = 1050 kt/m 3 , t] = 0.0037 na-c, p 2 = 1378 kt/m 3 , v = 0.4, 
E f = 5.5-10 5 H/m 2 (Moqyjib lOqra qua jieBoil KopoHapHofi ap- 
Tepnn), E 2 = 8-10 5 H/m 2 (Moqyqb lOHra qqa npaBofi KopoHap- 
Hofi apTepHH), rqe p, - nqoTHOCTb KpoBH, ; 7 - Ba3KOCTb KpoBH, 
p 2 — naoTHOCTb CTeHKH apTepiifi, v - K03(J)(J)HqHeHT nyaccoHa. 

B xoqe sKcnepHMeHTa 6 bijih noqyneHbi cqeqyroiqiie pe- 
3yabTaTbi b 3aqaHHOM ceneHim: 

- b pafioHe nepBoro pa3BeTBqeHHa qeBofi apTepHH MaKCH- 
MajibHoe qaBaeHHe qocraraeTca b orn6aioiqefi botbh (pnc. 6). 
B pafioHe H3rn6a npaBofi apTepHH qoKaqbHoe qaBaemie KpoBH 
MHHHMajibHO Ha BHyTpeHHefi CTeHKe H3rn6a, a no Mepe npii- 
6jiH5KeHHa k HapyacHOH CTeHKe yBeqHHHBaeTca h qocTHraeT 
MaKCHMyMa Ha caMofi CTeHKe (pnc. 7); 

- MaKCHMaabHbie 3HaqeHiia CKopocTH noTOKa KpoBH qo- 
CTHraioTca y BHyTpeHHero paqnyca b pafioHe H3rn6a apTepnii 
(pnc. 8, 9). B nepBOM cerMeHTe npaBofi h orH6aioiqefi bctbh 
qeBOH apTepnii Ha6aioqaioTca cpaBHHTeqbHO HH3KHe 3Hane- 
Hiia CKopocTeii c o6pa30BaHiieM Biixpa (pnc. 8, 10); 



Phc. 6. Pacnpeqejieime qaBJieiiHH b saqamioM 

CCHCIIHH JIKA 



Phc. 7. Pacnpeqejienne laB.icmiii b laqaiinoM 
ccmchuh nKA 



Phc. 8 . Pacnpeqejieiine iiia'ieniifi CKopocTeii b nepBOM 
cerMeHTe JIKA 



Phc. 9 . Pacnpeqejiemie ma'iemm CKopocTeii b paiioHe 
mi noa nBA 



Phc. 10 . PacnpeqeqeHne nia'icHiiH CKopocTeii b nepBOM 
cerMeHTe nKA 
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Phc. 11. PaciipcMe.icinie 3hbh6hiih KacaTejibHbix 
uaiipmiccimii Ha CTeHKax JIKA 



Phc. 12. Pacnpe.ie.icime ina'ieniiii KacaTejibHbix 
HanpHiKeHHH Ha CTeHKax IIKA 




y3JiOB 3JieMeHT0B JIKA 


y3JiOB 3JieivieHT0B IIKA 


- Kate b 30He flqcjiypKaqHH, TaK ii b 30Hax nepern6a, 3a 
cneT pa3Hiiqbi qaBJieHHH (y HapyxcHoro ii BHyTpeHHero paqq- 
yca) B03HHKaioT noTOKH nonepeuHoq qqpKyjiaqHH, HMeioiqHe 
xapaKTep 3aBHxpeHHa; b paiioHe qeperq6oB Ha6jnoqaioTca 
HH3Kiie KacaTejibHbie HanpaaceHiia (pqc. 11, 12); 

- MaKCHMajibHbie 3HaqeHi«i BeKTopa nepeMeiqeHHH 
y3JioB sjieMeHTOB qocTHraioTca b paiioHe H3rq6a nepeqHeii 
HHCxoqaiqeii bctbh aeBoii KopoHapHoii apTepim (pqc. 13), 
a TaK ace Ha BHenmeM paqqyce b paiioHe neperq6a npaBoii 
apTepim (pqc. 14). 
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EXPERIMENTAL STUDY 
OF SOLID-FLAME COMBUSTION 
BY THE NI-AL SYSTEM METHOD 
OF HIGH-SPEED VIDEO FILMING 

L. Atyuckaya, student 
A. Bebiya, student 
M. Boronenko, postgraduate student 
Ugra State University, Russia 

Authors present results of the experimental study of a wave of 
combustion in powder mixes of the Ni-Al system with the help of the 
of high-speed video filming method. Characteristic spatial-temporal 
scales of the thermal structure of the SHS wave and temperature 
dynamics in a local point were determined on the basis of the received 
data. 

Keywords: self-extending high-temperature synthesis, thermogram, 
reaction cell, brightness pyrometry, temperature field. 


Conference participants, National championship 
in scientific analytics 


O ZtHHM H3 cnoco6oB noayqeHiia HaHOCTpyKTypnpoBaHHbix 
MaTepHajioB aBaaeTca caMopacnpocTpaHaionqiHca bbico- 
KOTeMnepaTypHbifi chhtg3 (CBC). CoBOBcyimocTb bo 3 mo 5 khbix 
HanpaBJieHHbix B03qeHCTBHH Ha peaKqHOHHyto cpeqy h hx 
KOM6nHaqnn onpeqeaaeT MHoacecTBO BapqaqTOB peajiH3aqqq 
oqepaqqq TexHoaornqecKoro ropeHHa h cooTBeTCTByrontee 
pa3HOo6pa3He qojiyqeqqwx BentecTB. TaKHM o6pa30M, qaa 
qojiyueqqn MaTepnaaoB c 3aqaqqbiMH CBOHCTBaMH, qeo6xoqq- 
mo ocymecTBJMTb KoqTpoJib 3a qpoqeccaMH ropeHHa, a hmch- 
qo, TeMqepaTypoii h CKopocTbio pacnpocTpaHeHHa (jtpoHTa 
ropeHHa. 

/],eTajibqoe HccaeqoBaHiie Mexaqq3Ma B3aHMoqeHCTBiia 
CBC-CHCTeM Tpe6yeT npiiMCHeHiia KOMnaeKCHbix MeToqHK 
3KcqepHMeqTa qonoaHaiontHX qpyr qpyra. B KauecTBe 3Kcne- 
pHMeqTajibqoq MeToqHKH HccaeqoBaHiia CB-CHHTe3a MoaceT 
paccMaTpqBaTbcn MeToq h aqqapaTypa apKOCTHOH qqpoMeT- 
pqq BbicoKoro pa3pemeHiia, BqepBbie qpHMeqeqqwq k H3y- 
ueqqKt 3aKOHOMepHOCTeq h MexaqH3Ma peaKqHH b CHCTeMe 

Ni-Al [1-2, 7-8], 

BbicoKOCKopocTqan MHKpoBHqeoc'beMKa no3BoaaeT qa- 
6jiioqaTb qpoqecc ropeHHa c BpeMcqqbiM pa3pemeqqeM 10~ 3 c, 
q qpocTpaHCTBeqqbiM nopaqKa 100 mkm. 

Tax KaK peaKqqa CBC npoTeKaaa b qpo6qpKe, iiMetonieH 
qqaMeTp, 6 jih3khh k KpHTiiaecKOMy q TenaooTBoq uepe3 60- 
KOByro qoBepxqocTb cyntecTBeqeq, to CHCTeMa ypaBqeqqq, 
oqqcbiBaKtntHX CTaqqoHapqoe pacqpocTpaHeqqe BoaHbi 
HMeeT Bqq (1): 

- ypaBqcqqe TenaonpoBoqHOCTH; 


5 T 


Sx I 8x 


5 T 


2a , 


— X— -me— + &-— (T-T 0 )- 


2s8T 


5x 


ypaBqcqqe nojiHOTbi peaKqqq; 


8r| 0 

-m — 1 h — = 0; 
8x Q 


npq rpaHHHHbix ycaoBiiax: 

x = — co; T = T 0 , — = 0, n= 0; 

8x 
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BKCnEPHMEHTAJIBHOE HCCJIEHOBAHHE 
TBEPAOnJIAMEHHOrO rOPEHHil 
CHCTEMEI NI-AL METO^OM 
CKOPOCTHOH BH/TEOCBEMKH 

ATtoitKaa JI.IO., CTyqeHT 
Ee6na AT., CTyqeHT 
EopoHeHKO MU., acmipaHT 
lOropcKiifi rocyztapcTBeHHbifi yHimepciiTeT, Poccua 

B CTarte npeacTaBJieHbi pc iy iuraru 3KcnepiiMeHTajibHoro uccne- 
;[Oi!ann:[ bojihu ropeHHa b noponncoBbix CMecax CHCTeMbi Ni-Al c no- 
Montbto nptiMeHeHua mcto/fh cKopocTHoii KiiHocbeMKU. Ha ocHOBe no- 
ayHeHHbix /uuiFibix oiipc.tc.iM.incb xapatcrepHbie npocTpaHCTBeHHO- Bpe- 
MeHHbie MacmTa6bi TenaoBoit CTpyioypbi bojihbi CBC h TeMnepaTypHaa 
;[hi raMHKa b aoKajibHoit TotKe. 

KjuoneBbie cjioBa: caMopaenpocTpaHatomiiHca BbicoKOTeMnepa- 
TypHbiii cttHTe3, TepMorpaMMa, peaKitnoHHaa aneitKa, apKOCTHaa mipo- 
MeTpua, TeMnepaTypnoe none. 

YnacTHHKH KOHcJtepeHitnii, I [annoFiajibiioro nepBeHCTBa 
no HayHHoit anaji h i ff K e 

X = +co; T = T„, *L = 0. n = l. 

° Sx 

rqe X = A(r|) - ypaBHeHHe 3aBHCHMOCTH TenaonpoBoqHOCTH 
30hbi ropemia ot CTeneHH noaHOTbi peaKqqq; m - MaccoBaa 
CKopocTb ropeHHa; c - TenaonpoBoqHOCTb; r) - CTeneHb noa- 
hotbi peaKqqq, s - KOSFjxjtHqiieHT H3ayaeHiia peaKqqoHHoq 
30hw; a - nocToaHHaa CTecjtaHa-EoabqMaHa; Q - TenJiOTa pe- 
aKqqq, T - HauaabHaa TeMnepaTypa, d - qqaivteTp o6pa3qa, 
a - K03(J)(J)HqHCHT TenJiooTqauq, 0 - CKopocTb TenaoBbiqeae- 
qqa. B ycaoBiiax bwcokhx rpaqqeHTOB TeMnepaTyp kohbck- 
thbhwm Tenaoo6MeHOM mo5kho npeHe6peub. 

Ha6atoqeHHe npoqecca ropeHHa CBC noKa3ajio, hto Ha 
HauaabHOH CTaqqq pa3BHTHe nepBiiHHoro oqHHOUHoro oua- 
ra npHBejio k pacnpocTpaHeHHio (jtpoHTa BoaHbi, HMeioniero 
(JtopMy, 6aH3Kyio k noayc<j>epe, CKopocTb (JtpoHTa npHMepHO 
oqHHaKOBaa bo Bcex HanpaBaeHHax. 3tot peatHM npeqycMa- 
TpqBaeT Haaqqqe 6oabmoro KoanuecTBa uacTqq peareHTOB b 
30He HHepTHoro nporpeBa, TaK uto hx xapaKTepncTHKH MoryT 
6biTb ycpeqHeHbi, q reTeporeHHaa CHCTeMa 3aMeHaeTca tomo- 
reHHOH C 3THMH ycpeqHeHHbIMH CBOHCTBaMH. 

OqHaKO no Mepe npoqBHacefflia (JtpoHTa BoaHbi ropeHHa, 
CHMMeTpHHHaa (jtopMa HCKaacaeTca, hto npeqonpeqeJiaeT Ha- 
npaBJieHHe (JtpoHTa BoaHbi b qaabHeilmeM (pnc. 1). Ilocae 
OKOHuaHna nepexoqHoro npoqecca Ha6jnoqaeTca: 

- BocqaaMeqeqHe h cropaqqe OTqeabqoil uacTHqw 
(peaKqHoqqoH aueiiKH) c xapaKTepqbiM BpeMeqeM, - 6bicTpoe 
pacqpocTpaHeque (JtpoqTa; 

- 3aqepacKa BocqaaMeqequa, b Teueniie KOTopoil HMeeT 
MecTO nporpeB coceaHeil peaKqnoHHOH aueiiKH, - (jtpoHT 
BoaHbi HenoqBHaceq. 

TaKHM o6pa30M, peanroyeTca hhoh MexaHH3M paenpo- 
CTpaHCHHa bojihbi peaKqHH - 3CTa(J)eTHbiH uim cqHHTirajia- 
qqoHHbiH, b KOTopoM MeqaeHHbie nepHoqbi pacnpocTpaHeHHa 
Tenaa (cTarHaqqa (JtpoHTa ropeHHa) CMeHaioTca aKTHBHbiMH 
nepHoqaMH XHMuaecKoro pearnpoBanna, conpoBoacaarontn- 
MHca aoKaabHbiM noBbimeHHeM TeMnepaTypbi (BcnbiniKa 
- cquHTHaaaqua) h 6bicTpbiM npoqBHaceHHeM (JtpoHTa. Ilpn 
3 tom uinpuHa 30 HW peaKqHH cpaBHHMa c MacuiTa6oM reTepo- 
reHHocTH cpeqbi (pnc. 2). 


23 



GISAP 

PHYSICS, MATHEMATICS AND CHEMISTRY 




5X35 


1nanpaBiieHM« 


2 Hanpaa/ieHH« 


* 3HanpaB/ieHne 
▼ 4 HanpaaneHHe 

♦ 5HanpaB/i«HMe 


6HanpaB/ieHMe 


BpeMfl. c 


Phc. 1: a) I loe.icioba i e.n.m.ie inofipavKeimsi [pa.meinnoio no.ia BOJiHbi ropcimn c Bbifipamii.iMii iianpaB.ieiiiiHMii. 
6) TpaijlHK H3M0H0HHH KOOpflHHaTbl (|)pOIITa BOJiHbi B 3aBH0HMO0TH OT Bp0M0HII npH n0p0XOfl0 
ot roMor0imoro peaciiMa ropOHiui k 3CTaiJ)0THOMy 


a) 


6) 


Phc. 2: a) 3D-MOfl0Jib KBa3HroMor0HHOro pc.i.iiMa rop0HHH CBC; 6) 3D-MOfl0Jib CBC b 3CTaij>0THOM p0>KHM0 rop0HHH 
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Phc. 3: a) TjiiiacmKa TeMnepaTypHoro no.in pcakimoimoii hhchkh, b KOTopbix apKocnian TeMnepaTypa 
HOCTiiraeT 1704 °C; 6) 3apoiKqeiiHe iiobmx coeqtiiientiH c hx nocjieqyiommvi BbiTecHemieM b pacnjiaB 

(bhu b h30jihhhiix TeMnepaTypHoro nojia) 
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B paMKax MoqeJieil MexaHHKH cnjioniHbix open nepeHoc 
Temia b HecTaiiHOHapHOM caynae onncwBaeTca ypaBHeHHCM 


rqe a - K03(j>(j>HnHeHT TeMnepaTyponpoBoqHOCTn; C(T) - Ten- 
jioeMKOCTb; p - mioTHOCTb o6pa3qa; q - hctohhhk TemioBbi- 
qejieHna. BejiHHHHy TenjioBbmeJieHiia MoacHO onpeqejiHTb c 
noMoiqbio cJieqyioinero Bwpaacemia (3): 

Q= W 1 p 1 u Bt/m3> 

A z ■ n 

rqe W- 3HepreTHHe ckhh Bwxoq xiiMimecKon peaKqnn, 
p - peajibHaa mioTHOCTb o6pa3qa, kt/m 3 ; u - CKopocTb pac- 
qpocTpaHeHqa bojihw, m/c; n - inqpqqa 30HW ropemia; 
Aj - TOJiiqqHa bojihw ropemia, m. 

KoMnbioTepHaH o6pa6oTKa nocJieqoBaTejibHwx KaqpoB 
CBC-ropeHHa b cquHTHJiJMqnoHHOM peacHMe no3BOJiaeT on- 
peqejiHTb mthobchhoc 3HaneHHe KoopqHHar ToneK, cocTaB- 
jMKJiqqx jihhhk) (jipoHTa ropeHHH. MrHOBCHHwe 3HaqeHHa 
CKopocTeii b HeKOTopwx TOHKax (pqc. 3, a) noBepxHOCTH 
o6pa3qa iicxoqa H3 TepMorpaMM ropemia CBC (pqc. 3, 6) 
qaioT pa36poc 3HaqeHmi ot V — 1,4 mm/c, qo V = 21,7 mm/c. 

I IpiIMCM, 3TH 5Ke BHCOKOCKOpOCTHWe o6jiaCTH HBJMIOTC5I H Ca- 
mwmh BwcoKOTeMnepaTypHWMH. MaKCHMajibHaa TeMnepaTypa 
ropemia CMecq, b cootb6tctbhh c npeqcTaBJieHHHMH Moqejiq 
ropemia BToporo poqa, qoqama qHMHTiipoBarbca TeMnepa- 


Typoil njiaBJieHHa Han6oJiee TyromiaBKoro aneMeHTa CMecq, 
T.e. HHKejM [4], OqHaKO, aHajiH3 qiiHaMiiKii TeMnepaTypHwx 
nojieii o6jiacTeii peaKqqq CB-CHHTe3a noica3aji HajiHHHe ropa- 
hhx onaroB co CBepxaqqa6aTHHecKOH apKOCTHoil TeMnepaTy- 
poii 1760 °C. 

npeBwmeHHe stoh TeMnepaTypw MoacHO o6mchhtb nepe- 
H3JiyHeHHeM B nopax, KOTOpOe KaK H3BeCTHO, 3aBHCHT OT nx 
reoMeTpqq. Tax KaK (jiopMa nop b nponecce CBC H3MeHaeTca, 
to apKOCTHaa TeMnepaTypa 6yqeT HenocToaHHoii. Ilcxoqa H3 
aHajiH3a TepMorpaMM n Haqoacemni h30jihhhh TeMnepaTypHo- 
ro nojia h cooTBeTCTByiouinx o6jiacTen HacwnKH n npoqyKTa 
peaKqnn (pnc. 4), MoacHO caeqyioinee cqeaaTb caenyroinne 
BWBoqw: 

1 . BwcoKOTeMnepaTypHaa 30Ha 3apoacqaerca Ha nacTnqax 
HHKejia. 

2. IlocJie Toro KaK nponuia CBC-peaKqna, Ha MecTe bbi- 
coKOTeMneparypHOH o6jiacTH ecTb noaocTb. 

3. B Ha6jnoqaeMoii BwcoKOTeMnepaTypHoil o6jiacTH no- 
BepxHOCTb nacTnqw HHKejia, OKpyaceHHaa pacnaaBOM aaioMH- 
niia, o6pa3yeT peaKqnoHHyio anenicy. 

4. CaMaa BwcoKOTeMnepaTypHaa o6aacTb pacnoaaraeTca 
Bqojib rpaHnqw peaKnHOHHon aneiiKH, cJieqoBaTeJibHO, b oc- 
hobhom, TaM h npoTeKaioT XHMunecKne peaKnnn. 

5. /],HHaMHKa peaKnnoHHon aneiiKii (onara), noKa3WBaeT, 
hto 3apoacqeHne hobwx coeqHHemiii (3apoqwmeH) npoHcxo- 
qmr Ha BwnyKJiwx rpaHnqax nacTnqw HHKejia, KomraKTHpy- 
loineH c pacnaaBOM amoMUHiia (peaRnnonHon aneiiKii), c nx 
nocaeqyioinHM BWTecHeHHCM b pacmiaB [3-6]. 
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Phc. 4: HfleiiTii(|)iiKami5i oGjiacTeii: 

a) iianoacemie rpanneHTHoro no.in BbicoKOTeMnepaTypHoii ofijiacTH h toh ace oGjiacra iia HacbinKe (opmima.i); 
6) iia.ioaceiine rpanneHTHoro no.in BbicoKOTeMnepaTypHoii oGjiacra h toh ace oGjiacra Ha npoqyKTax peaKuim 
(opHTHHaji); b) rioc.ie ioBaie.ibHOCi b Ka.ipoB ( opiinnia.T) c BbicoKOi eMiiepaiypHoii ofuiacn.io, ,i.iisi kotopmx 6bi.ni 
nocTpoeHbi [ pa ineii iHbie iio.ih; r) conocTaBJiemie KOHTypoB CBepxa.iiiaSaiiiHeckiix onaroB c HecKOJibKHx ica/ipos 
C HCXOflHOH IHHXTOH ,l) COnOCTaBJieHHe KOHTypOB CBepxa iHa6ai H l ieCKH\ O'lai OB C HeCKOJlbKHX Ka ipoB C KOHCMIloil 

CTpyKTypoft oopaiua 


,H,aace b cnynae nneanbHoro KOHTaKTa Meacqy HacTnqaMii 
qua peajibHofi reTeporeHHoil chctcmbi Heo 6 xoqnMo npen- 
nojicoKHTb, hto npenBapnTenbHoe CMememie KOMnoHeHTOB 
npHBOHHT K B03M0aCH0CTH BBIHeJICHHH MHHHMajIBHOTO 06 b- 
eMa peaKiiHOHHOH cpenw c 3apaHee 3aqaHHbiM (HanpiiMep, 
CTexHOMeTpunecKHM) cooTHomeHHeM peareHTOB. 3tot mh- 
HHMaJibHbiii o 6 beM peareHTOB h ecTb sneMeHTapHaji peaK- 
HHOHHaa uneiiKa. MexaHH3M B3aHMoqeHCTBiM BHyTpn Taxon 
hhchkh h ee pa3Mepw onpeqejMioT cneqncfiHKy pearnpoBaniM 
b toh hjih hhoh CHCTeMe TBepqonnaMeHHoro ropeHHH (pqc. 5). 
Ilccjieqyfl rpaqneHTHoe none TeMnepaTyp peaKHHOHHon flHeil- 
kh MoacHO BiiqeTb, hto cyiqecTByeT HeoqHopoqHOCTb TeMne- 
paTyp BHyTpq peaKqqoHHbix aneeK. Pa3Mepw o 6 nacTH peax- 
qnoHHoq HHeiiKH nopaqKa 100 x 100 mkm. I Ipn nocTpoeHim 
Moqenq peaxnnoHHon flHenxii, MoacHO BbiqenHTb o 6 nacTb 
nopsmxa 50 x 50mxm, HMeioiqyio 6nH3Kyio no 3HaHeHi«o TeM- 
nepaTypy. B qaHHOM cnynae mohcho b nanbHenmeM npoBepuTb 
tohhoctb cooTBeTCTBnn Moqenn [9, 10], b KOTopoil CTpyKTypa 


cpeqw npencTaBnanacb KaK Ha 6 op HunHHnpuHecKHX sneMeH- 
tob, ceneHne xoTopwx xapaxTeprayeTcsi MacniTa 6 oM d. BacTb 
3thx aneMeHTOB cnynaHHbiM o6pa30M yqannnacb, Tax hto 6 bi 
K onunecTBO o6pa30BaBinnxc5i nycTOT cooTBercTBOBano 3aqaH- 
hoh nopncTOCTH cpeqbi. Ecnn Ha Taxyio cpeqy HanoacnTb cer- 
Ky c KBaqpaTHbiMH HHenxaMii co CTopoHoii d/ 2 , to 3to npnBe- 
qeT k (JiopMHpoBannio Tpex ochobhbix TunoB sneMeHTapHbix 
nneex: 1 - «snpo», 2 - «nopbi» h 3 — «KOHTaKT». B sthx HHen- 
Kax npeo 6 naqaioT pa3nnHHbie MexaHH3Mbi TennonpoBoqHOCTn: 
1 - KOHqyKHHH no TBepqoMy Teny; 2 - nyHiicTwil nepeHoc ne- 
pe3 nopw; 3 - xonraxTHaa TennonpoBoqHOCTb. Kaacqaa HHen- 
Ka (ij) o 6 MeHHBaeTCH TennoM c cocequMH no 3aKOHy ( 3 ): 


W 


dt 


+ i k* 

8y 


VJ+ 


, 8 T 
k — 

dx 


'-k* 

dy 


^■»_ k dT 
x dx 


if-Z.J) 


Ay 


WJ-- 




- + Qp^‘- 

Ay dt 
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Phc. 5. Mo,ie.n» peaKUHOHHbix a mock, b kotopmx xia Kciixia.ibiiaa apKOCTHaa TeMnepaTypa .locimaer 1760 °C: 

a) KBa3HroMoreHHoe ropeHne; 6) cnimoBoe ropeime 
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rqe 


(. 4 - 7 ) 2k" +lJ) k^ j) 


U'+IJ) 


+ k[ 




8T 

8t 


V*lj) _ 2(T U+,J) 


Aqaaornaqo qaay. PeaKqqa qaqqqaeTca, Korqa peaKqqoq- 
qaa aaeiiKa qporpeBaeTca qo qeKOTopoq 3aqaqqoq TeMqepa- 
Typw T q 3aTeM qpoTeKaeT oueqb 6wcTpo (4): 

^ = k 0 H(T-T ign )H(l- n ), 

, 1 

k 0 = — = const; 

//(x)-(j>yqKqqa XeBiicaqqa. Taxaa Moqeab qo3BoaaeT qa- 
qpaMyro cpaBqqTb pacaeTqwe qaqqwe c pe3yjibTaTaMq 3Kcqe- 
pqMeqTOB qo MHKpocTpyKType Boaqw ropeqqa, qoayueqqwe 
BbicoKOCKopocTqoq MqKpoBqqeocbeMKon qpoqecca ropeqqa. 
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0 6bihho HayKy, 3aHHMaioiqyioca npo6aeMaMH co3qaHHa 
KorepeHTHoro tonyueHiM, Ha3MBaioT KBaHTOBofi saeKT- 
poHHKOH. Mayueutte cbohctb Jia3epm>ix tojiyuemiH OTKpbiao 
HOByro CTpaHHqy b eiqe oqHoii Hayice - hcjimhchhoh oimiKe. 
KaaceTca, hto o6e sth qHCHHnaiiHbi oneHb qaneKH ot ra3oqH- 
HaMHKH, hto raio/i tt 1 1 aM tt Ka He HMeeT HHKaKoro OTHomeHHa k 
co3flaHHio h npHMeHeHHio na3epoB. Ifenb HacToaiqeii pa6oTbi 
noKa3aTb, hto sto He Tax, hto co3qaHHe h ncnoJib30BaHne Jia- 
3epoB Tpe6yeT pememia MHoacecTBa raao.TttiiaMttMecKttx npo- 
6neM, HMewuiHX (JtyHqaMeHTanbHoe 3HaHemie qaa pa3BHTiia 
Jia3epHOH TexHHKH. MHorne H3 sthx npo6aeM aBJiaioTca bh- 
AOH3MeHeHHeM npo6jieM, b pemeHHH KOTopbix r U30/I tt 1 1 a m tt k h 
H aKonujiH orpoMHbifi onbiT. B to ace BpeMa aa3epHaa TexHiiica 
Bbi^BHraeT qejibiH paq hobwx rasoq h f i a m h u ec k h x 3aqan. Bee 
hx mo>kho o6beqnHHTb o6nqiM Ha3BaHneM - aa3epHaa ra3oqm 
HaMHKa [1, 2], MHorne rasoqtt 1 1 aM tt k ti h qeawe KoaaeKTHBbi, 
pa6oTaBniHe b o6aacTH ra'ioqmiaMHKH, HaqpuMep, b AVCO, 
NASA, ONERA, HATH, MOTTI, pa3JiHuqbix aBHaquoqqwx 
(JtqpMax BHecjiH ontyTHMbiii BKJiaq b 3Ty qayxy. 

Cjiobo Jia3ep coctoht H3 qepBbix 6yKB aqraiiHCKiix cjiob, 
onpeqeaaioiqHX ero cyntqocTb: LASER = Light Amplification 
by Stimulated Emission of Radiation. Tot (Jtaicr, hto MOJieKyjiw 
BentecTBa MoryT Hapaqy co cnoqTaqqbiM (caMonpoH3BOJib- 
qbiM) H3JiyueqHeM h noraoiqeHHeM KBaqTOB, HcnycxaTb hx 
noq qeiicTBHeM H3JiyneHna, 6 biji ycTaHOBJieH A. DimniTeiiHOM 
ente b 1918 roqy. npn noraoiqeHHH KBaHTa MOJieKyaa nepe- 
xoqHT H3 HeKOToporo SHepreTHuecKoro cocToamia b cocToa- 
HHe c SHeprHeii 6oJibmeii KaK pa3 Ha BejiHUHHy KBaHTa /tv, rqe 
h - nocToaHHaa njiaHKa h v - nacTOTa H3JiyneHna. llpH hc- 
nycKaHHH KBaHTa npoHcxoqHT o6paTHbiii nepexoq c 6oaee 
BbicoKoro SHepreTHuecKoro ypoBHa Ha 6oaee hh3khh. Ecjih 
KB aHT CBeTa B3aHMoqeiicTByeT c MOJieKyjioii, Haxoqaiqeiica Ha 
HuacHeM ypoBHe, to HMeeTca onpeqeaeHHaa BepoaTHO ctb ero 
noraonteHna. Ecjih KBaHT «BCTpeuaeTca» c B036yacqeHHoii mo- 
jieKyjioii, Haxoqaiqeiica Ha BepxHeM SHepreraHecKOM ypoBHe, 
to HMeeTca Ta ace BepoaTHOCTb BbiHyacqeHHoro ncnycKaHiia 
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06biMHO Haytcy, 3aHHMatomytoca iipo6jic\iavTEi co3qamia Kore- 
peHTHoro H3JiyneHna, Ha3biBatoT KBaHTOBofi nciapomiicon. Mayiciiue 
cbohctb na3epHtix m3, ivmch m ii OTKpbiJio HOByio CTpaHHity b eme ttuioil 
Hayxe - HeaiiHeiiHOH onTHKe. KaaceTca, hto o6e 3th ,'fhci fffi i.tfii ii,i o'lein, 
qajietai ot l aio/umaMUKM. hto l aao.ini laMMKa He HMeeT HHKaKoro otho- 
memta k coaqainno h npitMeHeHino na3epoB. I le.ia Fiacroameii paooi i.i 
noKa3aTb, 'no 3 to He Tax, hto coapaFFMC h HcnoJib30BaHite na3epoB T pcby- 
eT pememia MHoacecTBa i aio.THiiaMFi'iecKFix npooJiCM, HMetomux (jiyHqa- 
MeirrajibHoe iiia'ieiiHe qjia pa3BHraa na3epHOH tcxhhkh. 

KjnoieBbie cjiOBa: na3epHaa TexHiiica, Jia3ep b l aao.FFii laMMKa, KBaH- 
TOBaa BJieKTpoHHKa, i aao;iEiiiaMFi'iccKFic rrpofineMbi. 

Y ' laCTFIH K FT KOH(J)epeHHHH, 1 1 3 1 [ I F O F I ClJ F F , F TO I () nepBeHCTBa 
no HayuHOH aiiajiH i EiKe 

HOBoro KBaHTa. OueBHqHO, hto neM 6oJibme MOJieKyji Haxo- 
qmrea Ha BepxHeM ypoBHe, TeM 6oJibme BepoaTHOCTb Toro, 
hto npn npoxoacqeHHH nepe3 BeiqecTBO H3ayHemia (noTOKa 
kb3htob) nocJieqHee ycHaiiTca [3], 

B paBHOBecHOM coctohhhh npn hk>6oh TeMnepaType, b 
jho6om BeiqecTBe MOJieKyji, HaxoqaiquxcH Ha BepxHeM ypoB- 
He, Bcerqa MeHbme, neM Ha HuacHeM. nosTOMy o6bihho Ha- 
6jnoqaeTca noraoiqeHne CBeTa. Jia Toro, hto6bi npoH3omjio 
ycnjieHHe, HyacHO co3qaTb «HeHopMajibHyio» HepaBHOBecHyio 
CHTyaqHio, b KOTopoii Ha BepxHeM ypoBHe HaxoqHTca 6oJibme 
MOJieKyji, neM Ha hidkhcm hjih, KaK roBopflT, co3qaTb HHBep- 
chio. KBaHTOBaa Teopna npH3BaHa onpeqejiHTb MoaeKyaw, 
B036yacqeHHeM KOTopwx mtokho co3qaTb HHBepcmo Meacqy 
TeMH nan HHbiMH ee ypoBHaMH, yKa3aTb BepoaTHOcra saeMeH- 
TapHbix npoqeccoB, npiiBoqaiqHX k B036yacqeHHio h qe3aKTH- 
Baqun Tex nan hhbix ypoBHeii. 3thm, b ochobhom, ee poab h 
HCHepnwBaeTca. /],aaee B03HHKaeT Bonpoc: KaK ocyiqecTBHTb 
Te npoqeccw, KOTopwe qoaacHbi npHBecra k HHBepcuH? 

JIa3epHbie BeiqecTBa MoryT 6biTb TBepqbiMH, jkhakhmh h 
ra30o6pa3HbiMH. /Jaa Bcex sthx BeiqecTB cnoco6w co3qaHHa 
HHBCpCHH Han, KaK TOBOpaT, «HaKaHKH» JtOCTaTOHHO pa3HO- 
o6pa3Hbi. HaKanKy mtokho ocyiqecTBHTb CBeTOM, pa3paqoM, 
saeKTpoHHbiM nyHKOM, b XHMHHecKiix peaKqnax h T.q. CpeqH 
MeTOJtOB HaKaHKH OJtHO H3 BeqyiqHX MeCT 33HHMaiOT ra30JtH- 
HaMHHe CKHe MeTOttw. Ho KaKOB 6bi hh 6wa cnoco6 HaKaHKH, 
oh HHKorqa He 6biBaeT HqeanbHbiM: ToabKO nacTb 3aTpaHH- 
BaeMoii SHeprim HqeT HenocpeqcTBeHHO Ha B036yacqeHne 
ypoBHeii, ocTaabHaa 3aTpaHHBaeTca Ha HarpeBaHiie BeiqecTBa. 
HarpcBaHiie yBeaHHHBaeT 3anoaHeHiie Huacnero aa3epHoro 
ypoBHa, T.e. yMeHbmaeT HHBepcmo. nosTOMy sto napa3HT- 
Hoe Tenao HyacHO OTBoqHTb. Ero moikho OTBoqHTb, Hanpu- 
Mep, TenaonpoBoqHocTbio. OqHaKo sto npoqecc MeqaeHHbiii 
h c ero noMoiqbio MoacHO OTBoqHTb c eqHHHqbi noBepxHoc- 
th aitmb cpaBHHTeabHO He6oabmne moiuhocth. /],aa OTBoqa 
6oabmnx MoiqHOCTeii qeaecoo6pa3HO CMeHaTb pa6onee Teao. 
OHeBHqHO, hto MeHaTb padonee Teao c 6oabmoii CKopocTbio 
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Herne Bcero nyTeM npoKanKH ra3a nepe3 30Hy B036yacqeHini. 
Cpa3y ace BcnoMHHaioTca aspoqHHaMHnecKiie Tpy 6 u, b ko- 
Toptix co3qaioTca BBicoKOCKopocTHbie noTOKH ra3a. II qeftc- 
TBHTejibHO, nepBbie Jia3epw 3HanHTeabHOH moiiihocth 6 hjih 
C 03qaHbi, HanpiiMep b AVCO, nyTeM cpaBHHTejibHO He 6 oab- 
ihoh nepeqeaKH CBepx3ByKOBOH aspoqHHaMHnecKOH Tpy 6 w 
[4], TaKHM o6pa30M, mbi npnxoqHM k nepBon 3aqane na3ep- 
hoh r a3 o,T ii 1 1 a m ii k ii - k 3aqane CMeHbi pa 6 onero Teaa, T.e. npo- 
KanKH ra3a. 3qecb B03HHKaioT Bee npiiBbiHHbie, ho npii cne- 
qncJiHnecKHX ycaoBHax, 3aqaHH HarpeBa ra3a b (JiopKaMepe, 
pa3roHa b connax, BoccTaHOBaeHHa qaBaeHHa b qH(Ji(Jiy3ope 
H T.q. 

B 30He HaKanKH B036yacqefflie Moaeicya MoaceT nponcxo- 
HHTb b pe3yjibTaTe ctojikhobchhh c saeicrpoHaMH. 3Ta npo- 
6 neMa cpoqHH npo 6 aeMaM noqorpeBa ra3a b njia3MeHHbix 
noqorpeBareaax, b aspoqHHaMimecKHX Tpy 6 ax c saeKTpoMar- 
HiiTHbiM pa3roHOM hjih b MarHHTorHqpoqHHaMHnecKiix reHe- 
paTopax. Ecjih HHBepcna B03HHKaeT b xiiMiinecKOH peaKqnn 
(xHMHnecKHe aa3epbi), to 3qecb ra3oqHHaMHnecKHe npo 6 ae- 
mbi BbixoqaT Ha nepeqHHH naaH. 3 to npo 6 aeMbi CMemeHHa 
peareHTOB b HyacHbix nponopquax h c onpeqeaeHHOH CKopo- 
CTbKJ. 

B yKa3aHHbix npiiMepax ra3oqiiHaMHKa cnoco 6 cTByeT 
npoqeccy HaKanKH, co3qaBaeMOH pa3paqoM hjih peaKqueH. 
OqHaKO HHBepcua MoaceT 6 bitb noayneHa hhcto ra3oqHHa- 
MiinecKHM nyTeM. .IJeHCTBHTeabHO, H3BecTHO, hto ecjiH ra3 
pa3orpeTb, a 3aTeM 6 wcTpo oxaaqHTb, to pa3Hbie CTeneHH 
CBo 6 oqbi MOJieKyji (pa3Hbie ypoBHH) peaaKCHpyioT k HOBOMy 
COCTOaHHIO C pa3HOH CKOpOCTblO. IIoSTOMy OKa3bIBaeTCa B03- 
MoiKHbiM HaiiTH TaKHe BeiqecTBa, npn 6 wctpom pacmnpeHHH 
(oXJiaiKqeHHH) KOTOpbIX B BepXHeM B036yiKqeHH0M coctohhhh 
OK a3WBaeTca 6 oJibine MoaeKya, neM b hi®khcm, T.e. C03qaeTca 
HHBepcna. EcTecTBeHHbiH nyTb 6 bicTporo oxaaacqeHiia ra3a 
- 3 to pacHinpeHne HarpeToro b (JiopKaMepe ra3a b CBepx3By- 
kobom comie. Ha stom npunmine ocHOBaH TaK Ha3MBaeMbiH 
ra3oqHHaMnnecKHH Jia3ep. 

Co3qaHHeM HHBcpcHH, oqHaKO, He 3aBepmaeTca C03qa- 
HHe Jia3epa. HHBeprapoBaHHaa aKTHBHaa cpeqa no3BOJiaeT 
ycnjiHBaTb H3JiyneHHe. J\nsi Toro, HTo 6 bi Jia3ep Mor H3JiynaTb 
caMOCTOSTeJibHO, 6e3 3aqaioiqero (ycHJiHBaeMoro) H3ayneHiia, 
HyacHO o 6 paTHaa CB«3b. 3Ta o 6 paTHaa CBa3b C03qaerca chc- 
TeMoii 3epKan - pe30HaTopoM. CnoHTaHHO B03HHKmee H3Jiy- 
neHne OTpaacaerca ot 3epKaa, MHoroKpaTHO npoxoqHT nepe3 
ycnjiHBaioiqyio cpeqy. Ecjih ycnjieHHe OKa3MBaeTca 6 oJibine 
noTepb, to Jia3ep HanHHaeT H3JiynaTb. B conjiax h pe30HaTope 
nponcxoqHT caoacHbifi KOMnjieKC peaaKcaquoHHbix npoqeccoB 
b npoKanHBaeMoii aKTiiBHOH cpeqe npn ihuih'ihh H3ayneHiia. 
C peJiaKcaquoHHbiMH npoqeccaMH, xiiMimecKHMii peaKimuMii 
h H3JiyneHHeM b pa3JiHHHoro poqa TeneHiiax r 33 oq h 1 1 a m h k h 
HMeioT qeao yace qaBHO b peaKTHBHbix qBHrareaax, b conjiax 
rnnep3ByKOBbix aspoqHHaMHnecKiix Tpy 6 , npn o 6 TeKaHHH Tea, 
BxoqaiqHX b aTMOciJiepy 3eMJiH h qpyrnx njiaHeT. HaKonaeH- 
Hbiii onbiT MoaceT 6 biTb ncnoJib30BaH h npn pemeHiin coot- 
BeTCTByioiqHX 3aqan aa3epHOH ra3oqHHaMHKH, o 6 aaqaioiqHX b 
to ace BpeMa cyiqecTBeHHoii cnei[H(|)HKoii. 

nocjie Toro KaK H3JiyneHHe b Jia3epe nojiyneHO, ero Hyac- 
ho H3 Hero BbiBecTH. B HacToaiqee BpeMa eiqe HeT «CTeKOJi», 
nponycKaioiqHX MoiqHoe H3JiyneHHe. C qpyrofi CTopoHbi, 


qaBJieHiie b OKpyxcaioiqeH cpeqe, KaK npaBHJio, He paBHO 
qaBJieHHio b pe30HaTope Jia3epa h b to xce BpeMa Hejib3» qo- 
nycTHTb nepeTeKaHHH OKpyjKaioiqeH cpeqw b pe30HaTop hjih 
H ao 6 opoT. 3qecb onaTb Ha noMoiqb npnxoqHT ra3oqHHaMHKa, 
TaK Ha3WBaeMbie raaoqHiiaMHnecKHe oKHa, T.e. TeneHiia ra3a, 
yqepjKHBaioiqHe nonepenHwii nepenaq qaBJieHHH. Cennac 
yace npeqjioiKeH paq TiinoB TaKiix okoh, npn co3qaHHH koto- 
pwx npHxoqHTca HCKaTb KOMnpoMiicc Meacqy MHHUMyMOM 
pacxoqa, 3aTpanHBaeMoro Ha yqepacaHHe nepenaqa qaBqeHiia 
ra3a, h MHHUMyM HCKaaceHiia noTOKOM b OKHe Bbixoqaiqero 
Jiyna [1, 5], 

Ochobhoh xapaKTepucTHKoii aKTHBHOH cpeqw qa3epa aB- 
jiaeTca K03(J)(J)HqHeHT ycnqeHna, onpeqeqaeMbin cqeqyroiqHM 
o6pa30M. nycTb MOHOxpoMaTHnecKoe H3qyneHHe nacTOTbi v 
naqaeT Ha HeKOTopyio nqoiqaqKy, nepneHqHKyqapHyio k Ha- 
npaBqeHHio ero pacnpocTpaHeHiia x. /Jqa 6 ecKOHenHO tohkoto 
caoa ra3a dx H3MeHCHHe noTOKa SHeprun nponopquoHaqbHO 
ToqiqHHe 3Toro caoa h hhtchchbhocth naqaioiqero H3Jiyne- 
Hiia ( 3 aKOH JIaM 6 epTa-Eyrepa). nosTOMy b pacneTe Ha eqn- 
HHHHyio nqoiqaqb 

dl v = k v I t! dx, 

rqe I - cneKTpaqbHaa khtchchbhoctb H3JiyneHHa, pacnpo- 
CTpaHaioiqeroca b HanpaBqeHHH x. Ko3(J)(J)HqHCHT k v Ha3WBa- 
eTca K03(J)(J)HqHeHT0M ycHHCHiia hhh norqoiqeHna b 3aBHCH- 
mocth ot xapaKTepa B3aHMoqeiicTBHa H3qyneHiia c BeiqecT- 
BOM. 

npHBqeKaa npeqcTaBqeHiia 06 HHqyqnpoBaHHOM H3qy- 
neHHH h norqoiqeHHH h cooTBeTCTBytoiqiix K03(J)(J)HqHeHTax 
SHHIHTeilHa, MOJKHO nOKa33Tb, HTO 



rqe b - cneKTpaqbHbiH K03(J)(J)HqHeHT SHHinTeiiHa qjia HHqy- 
qnpoBaHHoro norqoiqcHHa; N m h N - nqoTHOCTH aTOMOB hjih 
M oaeKyq Ha m- om h i?-om SHepreTHnecKHX ypoBHax, npHneM 
E - E n = hv - KBaHT H3qyneHHa c nacTOTOH v; E - sHeprun 
m-TO ypoBHa; g h g m - BbipoacqeHHe SHepreTHnecKiix ypoBHen 
n h m; hue- nocToaHHaa nqaHKa h CKopocTb CBeTa. 

CneKTpaqbHbie K03(J)(J)HqHeHTbi SHHHiTeiiHa MoryT 6 wtb 
CB a3aHbi c noqHbiMH (HHTerpaqbHbiMii) K03(J)(J)HqHeHTaMH c 
nOMOiqblO COOTHOHieHHH BHqa 

h „ m ( v ) = B „„, = J g(y)dv, 

rqe B - noqHbiii kosiJkJihhhcht SHHiHTeiiHa qqa HHqyqnpo- 
BaHHoro norqoiqcHHa, Av - nmpHHa jihiihh, Kornyp KOTopon 
onpeqeaaeTca (JiyHKqHeHg(v). 

Hhtchchbhoctb H3qyneHHa (hjih BCHHHHHa nomoiqaeMOH 
SHeprun) nponopquoHaqbHa BepoaTHOCTH nepexoqa h, cae- 
qoBaTeabHO, MeHaeTca b npeqeaax jihiihh TaK ace, KaK h g(v). 
3Ta 3aBHCHMOCTb HMeeT o6bIHHO K0q0K0H006pa3HbIH BHq. I-I3 
Bcex npH'iHii yniHpeHHa cneKTpaabHbix jihiihh Han6oaee Baac- 
HbiMH aBaaioTca CTOHKHOBeHna h TenaoBoe qBHaceHHe aTOMOB 
nan Moaeicya. /Jaa Toro, HTo6bi CBeT ycnaiiBaaca npn npoxoac- 
qeHHa nepe3 ra3, Heo6xoqHMO HepaBeHCTBO, KOTopoe yKa3bi- 
BaeT Ha naanane HHBepcnn 3aceaeHHOCTeii, Korqa Ha BepxHeM 
ypoBHe, o6aaqaioiqeM 6oabmoii SHepraen, aTOMOB turn Moae- 

29 



GISAP 

PHYSICS, MATHEMATICS AND CHEMISTRY 


Kyji Ooabine, ueM Ha hickhcm (c yueTOM CTamcTHaecKoro Beca 
HJIH BbipoacqeHHa) 

^L>^L. 

g,„ g„ 


,H,aa co3qaHHa aKTHBHOH cpeqw, T.e. cpeqw, ycHaHBaioiqeH 
npoxoqaiqee uepe3 Hee H3JiyHeHna, HeoOxoqHMo oOecneaHTb 
BbinojiHeHHe 3Toro HepaBeHCTBa. HeTpyziHO noKa3aTb, hto 3to 
HeB03M05KH0 OCymeCTBHTb B CJiyuae TepMOHHHaMHHeCKOTO 
paBHOBecHa, Koma pacnpeqeaeHHe aTOMOB hjih MOJieKyji no 
ypOBHHM HBJiaeTCH 6oJIbIJMaHOBCKHM. IlHbIMH CJI0B3MH, yCH- 
JieHHH epeflOH B03M05KH0 TOJIbKO b cymecTBeHHO HepaBHOBec- 
Hbix CHTyaqnax. 

Cnoco6w HaKanKH MoryT 6bitb caMWMH pa3Hoo6pa3HbiMii: 
onTidnecKaa HaKamca cpeqw npid B03qeiicTBHH Ha Hee CBeTa; 
HaKaHKa saeKTpoHHWM yqapoM b pa3paqe. IIIidpoKO ncnoab3y- 
lOTca Taxace TenaoBoil h XHMHHecKHH cnocoOw HaKauKH. 

CymecTBeHHO npn stom to, hto KaK npoqecc HaKaaKH 
aKTHBHOH cpeqw, Tax h qocaeqyioiqee H3JiyqeHHe conpoBoac- 
qaioTca 6oaee hjih MeHee 3HauHTeabHWM TeqaoqoqBoqoM b 
cpeqy, BcaeqcTBHe aero MoaceT noBbimaTbca ee TeMnepaTypa. 
Meacqy TeM B03MoacHOCTb co3qaHHa HHBepcHO 3aceaeqHOH 
cpeqw h qoqqepacaHHe stoto cocToaHHa b TeaeHiie qocTaToa- 
Horo BpeMeHH (hto HeoOxoqHMO qaa pa6oTbi aa3epoB Henpe- 
pbiBHoro qencTBHa), aacTO caMbiM TecHbiM o6pa30M CBa3aHW 
c ypoBHeM TeMnepaTypbi cpeqw, KOTopaa qaa stoto qoaacHa 
6biTb qocTaTOHHO HH3Koid. B CBa3H c sthm MoiqHOCTb aa3epa B 
3HaqHTeJibHOH Mepe oqpeqeaaeTca HcnoJib3yeMbiM cnoco6oM 
OTBoqa Temia ot aKTHBHOH 30Hbi. 

B Tex ra30Bbix aa3epax, me stot npoqecc KOHTpojinpyeT- 
ca TeqaoqpoBoqHOCTbio h qH(j>(}>y3HeH, xapaKTepHoe BpeMa, 
oqpeqeaaioiqee TeqaooTBoq, coBqaqaeT c BpeMeHeM qnijxjiy- 


*jiff 
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3qecb D - xapaicrepHbiH pa3Mep, Ha kotopom qpoHcxoqaT 
npoqeccw TenjionpoBoqHOCTH h qH<j)<j)y3HH (coBnaqaioiqHH, 
oaeBHqHO, c xapaKTepHbiM pa3MepoM ycTpoilcTBa), I - qaHHa 
npo6era MOJieKyjiw, c - cpeqiiaa CKopocTb hx TenaoBoro qBH- 
aceHHa, cpaBHHMaa co CKopocTb 3ByKa b ra3e. 

B npoTOHHbix CHCTeMax, me ra3 qBHaceTca co CKopocTbio 
V, KOHBeKTHBHO ocyiqecTBaaeMWH TenaooTBoq oqpeqeaaeTca 
xapaKTepHbiM BpeMeHeM qopaqKa D/V. 

TaKHM o6pa30M, qaa oqHHaKOBbix o6i>eMOB aKTHBHOH 
cpeqw h oqHHaKOBoid naoTHOCTH ra3a OTHomeHHe moiphoc- 
Teii H3JiyneHHa, KOTopwe MoryT 6bitb noayaeHbi ot aa3epa 
npoTOHHOH cxeMbi h aa3epa c HenoqBHacHOH cpeqoH, ecTb 
npocmo OTHomeHHe xapaKTepHbix BpeMeH, onpeqeaaioiqHx 
TenaooTBoq, h HMeeT BeanaHHy nopaqKa ( D/l)x(V/c ). J\na 
THnidHHbix ycaoBHH pa6oTbi ra30Bbix aa3epoB 3Ta BeanaHHa 
MeHaeTca b npeqeaax ot 10 3 qo 10 5 . /],aHHoe o6cToaTeJibCTBo 
o6bacHaeT KaK to, hto hmchho Ha npoToaHbix aa3epax noay- 
aeHW peKopqHbie moluhocth H3ayaeHiia, TaK h to, noaeMy Ha 
pyOeace 50-x h 60-x roqoB, Koma Haaaan noaBaaTbca nepBbie 
ra30Bbie aa3epw, bo3hhkjio TecHoe B3aHMoqeHCTBHe Meac- 
qy TexHHKOH aa3epoB Ooabinoid moihhocth h ra30B0H qHHa- 
mhkoh. 3to npHBeao k noaBaeHidio HeKOTopwx Heo6biaHbix 
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npidaoaceHHH ra30Bbix noTOKOB h hobbix oOaacTeil qaa Hccae- 
qoBaHHH b ra30B0H qHHaMHKe, xoTa h He noTpe6oBaao C03qa- 
Hua KaKHX-aH6o npidHpunnaabHO hobbix MeToqoB, a Taicace 
npidBaeaeHHa npidHqidnidaabHO hobbix (J)H3HaecKHX o6pa30B h 
Moqeaeii. 

TaKHM o6pa30M, Ha Bcex STanax (co3qaHHe H3ayaeHHa, 
ero pacnpocTpaHeHHe, Hcnoab30BaHHe) B03HHKaeT 6oabinoe 
HHcao ra3oqHHaMHHecKHX 3aqaa, npn peineHidid KOTopwx He- 
oqeHHMyio noMoiqb MoaceT OKa3aTb orpoMHbin onbiT, HaKon- 
aeHHbiH b aBHaqidid h KOCMOHaBTHKe. C qpyron CTopoHbi, pa3- 
BHTHe aa3epHOH TexHHKH OTKpbiBaeT HOBbie B03MoacHOCTH qaa 
aBHaqidid h paKeTOCTpoeHiia. 
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B HayKe h3bgctho mhoto nonwTOK noiMTb h o6mchhtb 
MH oroMepHoe npoerpaHCTBO. KaK npaBHJio, Bee ohh cbo- 
flaTCa K KOHCTpyHpOBaHHEO pa3JIHHHBIX MaTeMaTHUeCKHX a6c- 
TpatcqHH, KOTopwe b more OKa3biBaioTca BecbMa naneKHMii ot 
peaubHOCTH [1], 

CyTb npofijieMbi Kpoerca b tom, hto Bee nonbiTKH MaTe- 
MaTHuecKoro npeqcTaBJieHna MHoeoMepHoeo npocTpaHCTBa 
onqpaioTca Ha mpexMephbie 4>yHnaMeHTajibHbie nocTyaaTbi 
MaTeMaTHKH b BHqe «HenpepwBHOCTH», «6e3pa3MepHon toh- 
kh-hhhto» n «6ecKOHeuHocTH», hto aBTOMaTHuecKii o6peKaeT 
noqo6Hbie nonbiTKH Ha HeynaHy. 

ITocKOJibKy nejibio CTaTbii aBJiaeTca o6ocHOBaHHe peajib- 
hou MHoroMepHOCTH npocTpaHCTBa, qua HOcraaceHHa noc- 
TaBJieHHOH qeJiH noTpe6oBajica otk33 ot TpexMepHbix MaTe- 
MaTHuecKHX a6cTpaKqHH b noab3y MHoroMepHbix 6a30Bbix 
nOCTyjiaTOB: «HHCKpeTHOCTH», «MHOrOMepHOH TOHKH-aTOMa» 
h «KOHeuHOCTH» «peajibHoro MHpa» [ 2 ], 

Hro6bI, no B03M05KH0CTH, HCKJIIOHHTb He0HH03HaHH0CTb 
b noHHMaHHH HcnoJib3yeMbix b pa6oTe TepMHHOB, onpeneJinM 
pa jx KjnoHeBbix noHaTHH. 

OCHOBHbie 110111111111 H TepMHHbl 

Ifpeacqe Bcero, BBeneM b paccMOTpeHHe noHarae peajib- 
Hbltt Mlip. EyneM CHHTaTb 3TO CJIOBOCOHeTaHHe CHHOHHMOM 
T3KHX noHaTHH, KaK «OKpy>KaiOUdHH MHp», «MHp03HaHHe», 
«BcejieHHaa». ITpH 3 tom 6yneM paccMaTpHBaTb «peajibHbin 
MHp» KaK CBoero poqa «anc6epr», coctomhhh H3 coBOKynHoc- 
th npoaBJieHHoro h HenpoaBJieHHoro MHpoB c noJiymyHeHHon 
npOCJIOHKOH «3(J)HpOM» (pHC. 1). 



Phc. 1 . CocTaB peajibHoro Miipa 
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IIPOCTPAHCTBEHHAH 
MHOTOMEPHOCTb PEAJIbHOTO MHPA 

KynpRBiieB A.B., noijeHT 

Bbicman uiKOJia coiiHajitHtcc TexHOJiorHH, JIaTBHH 

BBeaeHO noHjrme MHoroMepHoro BJioaceHHoro npocTpaHCTBa. 
06ocHOBaHa TpexMepHocTt (J)H3HHecKoro MHpa h necjrraMepHocTb npo- 
cTpaHCTBa peajibHon BcejieHHon. CcjjopMynnpoBaHbi npHHnnm>i opraHH- 
3au;HH MHoroMepHoro npocTpaHCTBa. IIpenJioxceHbi ycjiOBHO-rpa(J)HHec- 
Kne cxeMbi KOMnoHeHTOB MHoroMepHoro npocTpaHCTBa. rioKa3aHO mccto 
n pout Bbicmero pa3yMa b o6inen cxeMe MHoroMepHoro Mnpa. 

KjnoneBbie cjioea: peanbHbin Mnp, HenpoHBJieHHbin Mnp, mhoid- 
MepHoe npocTpaHCTBO, npocipaHCTBeHHaa cpena, pa3MepHOCTb npo- 
cTpaHCTBa, ycjioBHO-rpa(J)HHecKaa cxeMa npocTpaHCTBa, npnHnnnbi op- 
raHH3au;HH npocTpaHCTBa, EoxcecTBeHHbin Mnp, Bbicmnn pa3yM, Bor. 

Y nacTHHK KOH(J)epeHnHH, HaiinoHajibHoro nepBeHCTBa 
no HaynHon aHannTHKe 

3(f wp - npoMeacyTOHHaa cpena-nocpenHHK Mencny npoHB- 
JieHHblM H HenpOHBJieHHBIM MHpaMH. HcnOJIb3yeMbIH HHOma 
TepMHH «3(J)HpHbIH MHp» HeTOHeH, nOCKOJIBKy naHHan epena 
He o6nanaeT co6cTBeHHbiM aTOMOM. 330TepHHecKHe hctohhh- 
KH o6bIHHO OTHOCHT 3(j)Hp K npOHBJieHHOMy MHpy. COBpeMeH- 
Haa HayKa bmccto TepMHHa «3(J)Hp» Hcnojib3yeT poncTBeHHbra 
TepMHH «3JieicrpoMarHHTHoe nojie». 

IIpOHBJieHHblli MHp - 3TO HaCTb peaJIBHOTO MHpa, £0- 
eiynHaa Ha6jno,aeHHK> h H3yneHHK) KaK HenocpencTBeHHO, to 
ecTb c noMombio opraHOB 3peHHH, TaK h c Hcnom>30BaHHeM 
TexHHHecKHX cpencTB Ha6jiioneHHa h perncTpaHHH. FIpoHB- 
jieHHbiH MHp (pHc. 2) BKJiioHaeT b ce6n: 

- MHKpOMHp - MHp aTOMOB, MOJieKyn H KpHCTaJIJIOB, a 
TaKace KJieTOK H KJieTOHHBIX MHKpO CTpy KTy p (MHKpOOpraHH3- 
mob); 

- MHp - MHp npeUMCTOB, HOCTynHBIH Ha6jiio- 
HeHHK) HeBOOpyaceHHBIM B3Dia^OM; 

- MBKpOMHp - HaCTHHHO BHUHMBIH MHp KOCMHHeCKHX 
oGbeKTOB. 


(IpOflBHeHHblM Mnp 


MMKpOMMp 


BWflMMblM 

MMp 


M3KpOMMp 


10 ' ! 


10 u 


10 B 


10 28 CM 


Phc. 2 . CocTas npouBJieiiHoro MHpa 


MejibHaHHieH HacTHiieH MaTepHH npoHBJieHHoro MHpa, 
coxpaHfuoufeu ece ee ceoucmea , hbjihctch aTOM, caMOH Kpyn- 
hoh CTpyKTypoH - CKonjieHHe TajiaKTHK. IIpoaBJieHHbiH MHp 
TpexMepeH, nocKOJibicy ecn npoaBJieHHaa MaTepHH coctoht H3 
OHHHX H Tex ace TpexMepHbix aTOMOB. 

HacTO BMecTo cjiob «npoHBJieHHbiH MHp» ynoTpe6jiHeTCH 
6JIH3KHH no 3HaHeHHK) TepMHH 4>H3HHeCKHH MHp. 06bIHHO 
TaK roBopHT, Kor^a xotht no^nepKHyTb, hto H3yneHHeM 3 toh 
nacTH peajibHoro MHpa 3aHHMaeTCH (J)H3HKa. O^HaKO (J)H3HKa, 
KaK H3BecTH0, He noBOJibCTByeTCH nacTb K) h npeTeHnyeT Ha 
H3yneHHe MHpa b iiejioM, to ecTb b ziHana30He HHHeHHbix pa3- 
MepOB MaTepHH OT HyJIH no 6eCKOHeHHOCTH. 

TaKHM o6pa30M, (J)H3HKa pacnpocTpaHaeT cboh HHTepecti 
TaKHce h Ha Ty nacTb MaTepHH, cymecTBOBaHHe KOTopon caMa 
nee OTpHnaeT anpHopH, o6bhbjihh Bee nonbiTKH HccnenoBa- 
hhh b naHHOH o6nacTH jinceHayHHbiMH. B nonTBepncneHHe 
3THX CJIOB nOCTaTOHHO ynOMHHyTb OTpHIiaHHe 0(j)HHHaJIbHOH 
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<}>H3HK0H 3(J)Hpa [3] H TaK Ha3bIBaeMbIX «MHKponenTOHHbIX» 
[4] H «TOpCHOHHbIX» [5] IIOHeH. 

IlHOrqa BMeCTO T3KHX nOHaTHH, KaK «(J)H3HHeCKHH MHp», 
«npoHBJieHHbiH MHp», ouih6ohho ynoTpeGnaerca TepMHH Ma- 
TepuajibHbiH Miip. Haiqe Bcero sto npoHexoqHT ot acenamia 
npoTHBonocTaBHTb noHama «qyxa» h «MaTepnn». OqHaKO 
TaKoii noqxoq b KopHe HeBepeH, nocKOJibKy Bee Miipw - h npo- 
aBJieHHbiH, h HenpoaBJieHHbiid - MaTepidajibHbi (!), ho pa3JiHHa- 
Kyrca pa3MepaMH aTOMOB o6pa3yioiqeH hx MaTepmi [6], 

HenpoflBJieHHbiii Miip - sto MHp, «neacaiqHH» 3 a rpaHbio 
MHKpoMHpa. Oh noHTH HeqocTyneH Ha6nioqeHHio h H3yne- 
HHK3 COBpeMeHHbIMH TeXHHHeCKHMH CpeqCTBaMH. 3 tO TOH- 
KOMaTepHajibHbiH MHoroMepHbifi MHp, TOHHee, coeoKynHocnib 
Mupoe BbicuiHX H3MepeHHH (pHC. 3). npH 3 tom H3 npHHqiina 
noqo6na H3BecTHO, hto CTpyKTypa miaHOB 6 bithh BcejieHHOH 
aHajiorHHHa CTpyKType Ten nenoBeKa. B Hayice qna o6o3Hane- 
HHa HenpoaBJieHHoro MHpa HcnoJib3yiOTca 6nH3KHe TepMHHbi 
«TCMHaa MaTepHa» h «TeMHaa 3HeprHa». Ilo nocneqHHM Hayq- 
hhm qaHHbiM Ha hx qomo b coBOKynHOCTH npnxoqHTca 96% 
Maccw BceneHHOH. 


noncHeHMn k pwcyHKy 

1 - npO^B/ieHHblM Mnp (3) 

3<t>«P (4) 

HenpoyiBJieHHbie Mnpt»i: 

2 - Mnp MyBCTB (5) 

3 - Mnp Mbic/iefi (6) 

4 - MHp MHTyMUMM (7) 

5 - Mnp flyxa (8) 

6 - Mnp MoHaflUMecKMM (9) 

7 - Mnp Bo>KecTBeHHbifi (10) 

(n) - pa3MepH0CTb aTOMOB 


Phc. 3. CTpyKTypa Bce ieimoii 

B HacToamee BpeMa HenpoaBJieHHbiH MHp H3BecTeH ne- 
pe3 TaKHe cboh (JieHOMeHbi, KaK chbi, acTpajibHbie Bbixoqbi, 
oqepacaHiie, npHBiiqeHHa, Tenenaraa, npoponecTBa, 03apeHida, 
acHOBHqeHHe, acHocJiwmaHHe h t. n. K STOMy ace MHpy npn- 
HaqneacaT h qpyrne TOHKOMaTepHajibHbie npoaBJieHHa, KaK-To: 
naMaTb, coBecTb, BOJia, HHTyHqna, mbicjih h nyBCTBa. 

HenpoaBJieHHbiid MHp aBJiaeTca qeHTpanbHMM qoHaTHeM h 
qpeqMeTOM H3yneHna Bcex 6e3 HCKmoneHHa pennrHH, OKKyjib- 
THbix qoKTpuH h 330TepHqecKHx yqeHHH. OqHaKo, 6yqynH He- 
qpH3HaHHbiM ofJiqqidajibHOH HayKOH, HenpoaBneHHbiH MHp qo 
chx nop He yqocTOHJica qaace CTaTyca HaynHOH ridnoTe3bi. 

IIpiiHiiHbi >KHBv i ieci n ipexMepm.ix iipe.iciaB.ieHMii 

IlTaK, nnoTHbiH MaTepHanbHbiii MHp TpexMepeH. Bee oc- 
TanbHbie (TOHKOMaTepnanbHbie) MHpw MHoroMepHbi, npnneM 
hx MepHoeTb HapacTaeT o6paTHO nponopqHOHanbHO nnoTHOc- 
th MarepHH (Tomiee, pa3Mepy o6pa3yioiqHx ee aTOMOB). 

IIoHeMy ace 06 stom Hiinero He H3BecTHO HayKe, KOTopaa 
qn6o yTBepacqaeT, hto eecb OKpyacaioiqHH MHp TpexMepeH, 
nn6o C03qaeT (JianracTHnecKHe Moqenn MHoroMepHoro npo- 
CTpaHCTBa [1], He HMeioiqHe HHnero o6iqero c qeHCTBHTenb- 
HOCTblO? 

06o3HaHHM nninb caMbie 3HanHMbie, Ha Ham B3raaq, npn- 
HHHbl. 

1 . BnnaHide Hacneqna qnHTenbHoro nepnoqa 6e3pa3qenb- 
Horo rocnoqcTBa b HayKe nqen «HaynHoro» aTeH3Ma h npn- 
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MHTHBHoro MarepHanH3Ma, npoTHBonocTaBnaBinero MaTepnio 
h co3HaHide. npn 3tom co3HaHHe CHHTanocb mo6bi HeMaTepn- 
anbHOH hko6h (JiyHKqHeid mo6bi 3-x MepHOH MaTepHH. OqHaKO 
Ha caMOM qene MaTepna, k KOTopon npHHaqneacHT co3HaHHe, 
HMeeT pa3MepHocTb He MeHee 6-th (pnc. 3). 

2. YcnnHa, HanpaBneHHbie Ha yqepacaHHe HayKH b paMKax 
aTeH3Ma. FIpHMepoM MoaceT cnyacHTb qeaTenbHOCTb «Komhc- 
chh PAH no 6opb6e c naceHayKOH» h TeKCT Pe3onioqHH nACE 
Ns 1580/2007 r. npoTHB KpeaqnoHH3Ma [7], 

3. npeceneHHe qaace nonbiTKH ccjiopMynHpoBaTb b yne6- 
HHKax MaTeMaTHKH onpeqeneHna tbkhx (JiyHqaMeHTanbHbix 
noHaTHH im6ozo npocTpaHCTBa, KaK «TOHKa», «nHHHa», 
«nnocKOCTb». npq stom npHBoqaTca CTonb «BecKHe» qoBoqw, 
hto HeBonbno B03HHKaeT Bonpoc, a KaK ace BooOiqe nocne ma- 
kux apryMeHTOB b HayKe MoaceT cyiqecTBOBaTb (JieHOMeH «on- 
peqeneHna noHaTHH»? 

noKaaceM, KaK oOocHOBbiBaioT HeoOxoqHMoeTb H3baraa 
onpeqeneHHH 6a30Bbix sneMeHTOB npocTpaHCTBa aBTopHTeT- 
Hbie npeqcTaBHTeqq MaTeMaTHnecKoil HayKH. 

- «npeacqe Bcero, nocTaBHM Bonpoc 06 onpeqeneHHH 
ochobhbix reoMeTpHnecKHX o6pa30B: TOHKa, npaMaa nnHiia h 
nnocKOCTb. 3aMeraM, hto onpeqenHTb KaKoe-Hid 6 yqb noHaTHe 

- 3H3HHT Bbipa3HTb ero Hepe3 noHaraa, paHee yace ycTaHOB- 
neHHbie. Ecnn ace HCKaTb onpeqeneHiie npocTeiimHX noHaTHH, 
to qeno HeH36eacHO CBeqeTca nnuib k 3aMeHe oqHoro TepMHHa 
qpyrHM, b cboio onepeqb TpeOyroiqHM onpeqeneHHa» [8], 

- «TaKOBbi ace onpeqeneHna, KOTopwe bbi HanqeTe b yqn- 
BHTenbHOH h HecKonbKO pa3 npeMHpoBaHHOH KHHre THnb6ep- 
Ta “OcHOBaHidn reoMeTpHH”. nocMOTpuM, KaK oh HanHHaeT: 
BOo6pa3HM Tpil CHCTeMbI BeiqeH, KOTopwe MbI H330BeM TOH- 
K3MH, npnMblMH H nnOCKOCTRMH. Hto 3TO 3a “BeiqH” - MbI He 
3HaeM, qa h He3aneM HaM sto 3HaTb. Ebino 6 m qaace rpexoBHO 
CTapaTbca sto y3Harb» [9], 

- «TaKHM o6pa30M, noHarae (MaTeMaTHnecKoil) tohkh 
caMO no ce6e BHe paMOK nnaHHMeTpidid HHKaKOMy onpeqene- 
hhio He noqneacHT: TOHKa, KaK h npecnoByTMH nopynHK Knace, 
“(JiHrypbi He HMeeT”, TaK hto He cicnoHHbiH 3aqyMbiBaTbca Haq 
npoHcxoacqeHHeM MaTeMaTHne ckhx noHaTHH “mhctmh” MaTe- 
MaTHK, noacanyil, conTeT, hto 3HaKOMoe KaacqoMy o6iqeacHTeH- 
CKoe noHarae tohkh KaK MenbnaHineH (“HeqenHMOH”) o6nacra 
(J)H3HnecKoro npocTpaHCTBa nnn kbk cneqa oqHOKpaTHoro Ka- 
caHHa 6yMarn KapaHqamoM unn hhmm 3aocTpeHHbiM nnmy- 
iqHM npeqMeTOM HMeeT k noHaTHio MaTeMaranecKOH tohkh He 
6onbine OTHomeHna, neM HHqHHCKHid imh acJipHKaHCKHH cnoH 

- k maxMaTHOMy» [10], 

4. JI,orMaTHqecKoe Hcnonb30BaHHe qpeBHHX (B03pacTOM 
2500 neT) MaTeMaTHnecKHX a6cTpaKqHH «HenpepbiBHOCTH», 
«6ecKOHenHOCTH» h «Hyna», 6e3HaqeacHO ycTapeBmnx b pe- 
3ynbTaTe HaynHbix otkpbithh b o6nacTH (JiHnococJiHH, xhmhh, 
KBaHTOBOH MexaHHKH, aCTpO(J)H3HKH H H II(|)OpMaTHKH, HTO He 
no3BonaeT HayKe «qaace npH6nH3HTbca k noHHMaHHio mhoto- 
MepHOCTH npocTpaHCTBa h, cneqoBaTenbHO, yBHqeTb MecTO 
Bora b peanbHOM MHoroMepHOM MHpe» [2], 

5. Bnidanide pennrH03Horo qorMaTH3Ma, Bbipaacaioiqeeca 
b OTCTaHBaHHH qepKOBbio nqen Bora-nHHHOCTH BMecTO Eora- 
CBepxpa3yMa, Eora-CBepxnpHHqunoB, Eora-CBepxnpocTpaHC- 
TBa, hto npHBoqHT k HanpacHbiM ycnnidaM no noncicy Bora 
b cooTBeTCTBHH c HeBepHbiMH npeqcTaBneHHaMH 06 o 6 beKTe 



noHCKa h k (J)opMHpoBaHHio y qacTH o6mecTBa HenpiMTim 
CTOJIB CKa30HH0H MOflejIH MHpa. 

CqeqyeT Taxace otmcthtb, hto psq TpyqHOCTen b oco3Ha- 
hhh MHoroMepHoro npocTpaHCTBa o6ycjioBJieH Heo6xoqqMoc- 
tbkj nepeocMbicJieHHa npqBWHHbix noHHTiiii q TepMiiHOB, b 
H aCTHOCTH, TaKHX nOHHTqq, KatC «npOCTpaHCTBO» H «pa3Mep- 
HOCTb npocTpaHCTBa». 

IToHflTiie npocTpaHCTBa 

IIpocTpaHCTBo - to, 'no RMemaer to'ikh h cpeqy. 
A6cTpaKqna npocTpaHCTBa HeoOxoqqMa qua qqeaqq3aqqq Te- 
Kyiqero o6beMa MaTepqq. 

ToHKa - qaHMejibqaqniHH qeqejiHMbiq sqeMeHT npo- 
CTpaqcTBa. noqaTHe tohkii aBJiaeTca qqeajiH3aqqeq aTOMa Ma- 
Tepqq, qaqojiqaiomeH Teicyiqee qpocTpaqcTBO. Pa3Mep tohkh 
onpeqeJiaeT pa3MepqocTb qpocTpaqcTBa. 

Cpeqa - to, hto qaqoqqaeT MeaeroHenHwe q BoyTpq- 
TOHeqqbie npoMeacyTKq. Cpeqa qpeqcTaBJiaeT co6oh tohkh 
«B qeqiqero» TOHKOMaTepqaqbHoro qpocTpaqcTBa. noHUTiie 
cpeqw aBJiaeTca qqeaqq3aqqeq aTOMOB MaTepqq «Bqemqero» 
qpocTpaqcTBa. noHsmie cpeqw qpqMeqaeTca peKypcueHO ko- 
qeqqoe qqcjio pa3. 

Pa3MepHOCTb - qqcjio qonycTqMbix qua qaqqoro qpo- 
cTpaqcTBa qaqpaBqeqqq qBqaceqqa, qaqpqMep: 

D = 3 - Bqepeq-qa3aq, BqeBO-BqpaBO, BBepx-Bqq3; 

D = 4 - Bqepeq-qa3aq, BqeBO-BqpaBO, BBepx-Bqq3, B-q3 
3D-qpocTpaqcTBa; 

D = 5 - Bqepeq-qa3aq, BqeBO-BqpaBO, BBepx-Bqq3, B-q3 
3D-qpocTpaqcTBa, B-q3 4D-qpocTpaqcTBa. 

^aqqwe oqpeqeaeqqa yqo6qo qpeqcTaBqTb b Bqqe 
KpaTKoq (})opMaqbqoq 3aqqcq: 

S d ={M d ,E d }, 

npHHeM 

e d =m d+v 

D e {3, ... 10}, 

rqe S - qpocTpaqcTBO; D - pa3MepqocTb qpocTpaqcTBa; 
M - MaTepqa qpocTpaqcTBa; E - qpocTpaqcTBeqqaa cpeqa. 

Eoqee oarqaqqoe qpeqcTaBqeqqe o MHoroMepHwx npo- 
CTpaqcTBax qaioT qx ycqoBoo-rpaiJiqqecKqe cxeMbi (pqc. 4-6). 
B OTqqqqq ot cxeMbi, peaqbHbie cooTqomeqqa qqqeqqwx pa3- 
MepoB ToqeK M q cpeqw E D Teicymero qpocTpaqcTBa pa3qq- 
qaioTca qa qecKoqbKO qopaqKOB. 

HaqpqMep, qjia 3-x Mepqoro qpocTpaqcTBa pa3Mepw 
4D-nacTqqbi 3<}>qpHoq cpeqw (sqeKTpooa) qa 8 qopaqKOB 
MeBbme pa3MepoB TOHicq 3D-qpocTpaqcTBa (aTOMa). 

Kax Bqqqo q3 pqc. 4, HeTbipexMepHoe qpocTpaqcTBO 5 4 
o6aaqaeT cboKctbom qpoqqKaTb euympb 6oaee qqoTqoro 
TpexMepqoro qpocTpaqcTBa .S’ . C ooTBeTCTBeqqo, neTbipex- 
Mepowe o6beKTbi, qaqpqMep, Taicqe scjiqpqwe cyiqHOCTq, Kax 
qpqBqqeqqa, cqoco6qw nepeMeiqaTbCH BqyTpb (nepe3 «npe- 
qaTCTBqa») TpexMepqoro Mqpa. TeM 6oqee, 3Ta bo3mo5kboctb 
qocTyqqa cyiqHOCTHM, o6qTaioiqqM b qpocTpaqcTBax c pa3- 
MepqocTbio Bbiqie 4-x. HaqpqMep, sto OTqocqTca k MbicqeoO- 
pa3aM, qpoqq3WBaioqjqM acTpaqbqoe, 3<}>qpHoe q 4>q3qqecKoe 
qpocTpaqcTBa. 

Tonicq ocTaqbqwx qpocTpaqcTB (c pa3MepoocTbio Bbime 
4-x) qa pqc. 4 oe qoKa3aqw. no TaKOMy ace qpqqqqqy Moacoo 
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nocTpoHTb aHaqorqHHbie cxeMbi qqa npocTpaHCTB 6oaee bbi- 
COKOH pa3MepHOCTH. 

HeM Bbime pa3MepHOCTb npocTpaHCTBa, TeM MeHbmee 
hhcho qpyrnx npocTpaHCTB ynacTByeT b ero HanoqHeHHH. 

Ha cxeMe (pqc. 5) Taicace noKa3aHO toheko Sqqacaiimee «BHe- 
uiHee» 5D-npocTpaHCTBO. 

npocTpaHCTBO HaqBbicmeq pa3MepHOCTq - A6 cojiiot 
( pqc. 6) - He coqepacHT HanoqHaioiqeH cpeqw, oqHaKO oho 
caMO qrpaeT poab CBepxcpeqw no othoihchhio ko BceM oc- 
TaqbHWM npocTpaHCTBaM. 

nocqe cqeqaHHbix noacHeHHH paccMOTpqM CBoqcTBa mho- 
roMepHwx npocTpaHCTB 6oaee CTporo. 

npquuHnbi oprauq3aqqq MHoroMepHoro npocTpaHCTBa 
Bee npocTpaHCTBa, to ecTb qx TOHKq q cpeqa MaTepqaqb- 
hw ( npqqqqn eqHHCTBa npocTpaHCTBa q MaTepqq). 

npocTpaHCTBa qe cyiqecTByioT aBTOHOMHO, to ecTb H30- 
qqpoBaHHo qpyr ot qpyra. npocTpaHCTBa c 6oaee tohkoh Ma- 
Tepqeq HanoaHaioT npocTpaHCTBa c 6oaee nqoTHon MaTepnen 
(npqqqqn BJioaceiniocTn). 



TOM KM 3D-npOCTpaHCTBa (aTOMbl) 

cpeqa 3D-npocTpaHCTBa (acJjMp) 
(tohkm 4D-npocTpaHCTBa) 


Pnc. 4. YcjioBHO-rpaijiHHecKaH cxeMa 3D-npocTpaHCTBa 



Pnc. 5. YcjioBHO-rpaijiHHecKaH cxeMa 4D-npocTpaHCTBa 
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npocTpaHCTBO A6cojiHDTa 

• tom km nepBonpocTpaHCTBa 
(aTOMbl nepBOMaTepMM) 


Pnc. 6. Yc.iob no-i pacj) n i iec Kan cxeMa 
BoacecTBeHHoro vtqpa 
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Bee npocTpaHCTBa h hx toukh cbmh no ce6e TpexMepHbi, 
no OTHomeHHio qpyr k qpyry - MHoroMepHW (npiiHimn ot- 
HOCHTejlbHOCTH). 

MeM MeHbine aTOMbi, TeM TOHbrne MaTepna, TeM MeHbine 
pa3Mep ToneK npocTpaHCTBa h TeM Bbirne ero pa3MepHOCTb 

( npimimn ofipaiHoii tbbiiciimoctii pa3MepHO cth ot pa3Me- 
POB). 

MuHHMajibHaa pa3MepHOCTb npocTpaHCTBa paBHa pa3- 
MepHOCTH aTOMOB (J>H3HUeCKOrO MHpa. TaKHM o6pa30M, npo- 
cTpaHCTBa c pa3MepHO ctbio MeHbine 3-x He cymecTByioT. 
MaKCHMajibHaa pa3MepHOCTb npocTpaHCTBa paBHa pa3Mep- 
hocth aTOMOB EoiKecTBeHHoro MHpa - A6coniOTa (npmiqiin 
KOHeHHOCTH HHCJia npOCTpaHCTB H H3MepeHHH). 

D =3, D =10. 

min 7 max 

HeM Bbirne pa3MepHOCTb npocTpaHCTBa (D), TeM 6oJibinee 
KOJiHnecTBO (P) 6onee naoTHbix npocTpaHCTB oho MoaceT Ha- 
noiiHHTb (npiiHuiin npo3paHHOCTH rpy6wx npocTpaHCTB): 

P = D- 3. 

HanpiiMep, neTbipexMepHoe npocTpaHCTBO (scjinp) MoaceT 
HanojiHHTb tojibko oqHO, TpexMepHoe, npocTpaHCTBO: 

P 4 = 4-3 = l. 

npocTpaHCTBa Bbicmeii pa3MepHocra HanojiHaioT npo- 
cTpaHCTBa monied pa3MepHOCTH (npiiHuiin nepap\n l nmcin) 

EoacecTBeHHoe npocTpaHCTBO (AEcojiiot) HanojiHaeT, Ha- 
npiiMep, ceMb 6onee rpy6wx npocTpaHCTB (c yneTOM He noKa- 
3aHHoro Ha pnc. 3 scJinpHoro npocTpaHCTBa) : 

P 10 =10-3 = 7. 

KpaTKIie HTOTH 

1. npeflJioaceHHaa Moqeqb MHoroMepHoro MHpa noq- 
TBepacnaeT cnpaBeqqHBOCTb, npaKTHuecKH, Bcex ochobhhx 
nOJIOaceHHH pejIHTH03HbIX qOKTpHH. 

2. B3maq Ha MHpo3qaHHe c no3HqHH ero MHoroMepHoro 
noHHMaHiia no3BOJiaeT nereo oOiacmiTb Bee (Jiaicrbi, KBaqmJiH- 
qnpyeMbie TpexMepHOH HayKoii KaK nyzieca h inapaaTaHCTBO. 

3. BBeqeHHoe noHarae «npocTpaHCTBeHHoii cpeqbi» 
qoaacHO npexpaTHTb, HaKOHeq, nceBqoHayuHbie cqeicynaqun 
qa TeMy pacqpocTpaHeHiia sqeKTpoMarHHTHbix KOJie6aHHH b 
OTcyTCTBHH cpeqbi. 

4. HoBoe MHpoqoHHMaHHe qaer OTBeT Ha MHorne qpyrne 
npoEneMbi (Jih3hkh, b nacTHOCTH, no3BOJiaeT npoqojiacHTb nac- 
TOTHyio niKajiy BiifipaqHH 3a npeneaw raMMa-KBaHTa h o6tac- 
hhtb, noneMy CKopocTb mbicjih (6-th MepHoii cyiqHOCTH) He 
conocTaBHMa co CKopocTbio He tojibko 4-x MepHoro (JioTOHa, 
ho qaace co CKopocTbio acTpaabHoro (5-th MepHoro) CBeTa. 

5. B qeaoM MHoroMepHaa MoqeJib BaoaceHHbix npo- 
cTpaHCTB 3HanHTeJibHO npeBocxoqHT no cbohm noTeHqHajib- 
hhm B03MoacHOCTaM Bee H3BecTHBie [1] HayKe MHoroMepHbie 
MoqejiH npocTpaHCTBa. 
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n ocTanoBKa ia,ui i i h. YmiTbiBaa Te cepbe3Hbie petjtopMM, 
KOTopwe b nocJieqHee BpeMa nporaoinjiii b ctjtepe o6pa- 
30BaHiM Pecny6jniKH Ka3axcTaH, bhochjihcb cymecTBeHHbie 
H3MeHCHiia h b cftopMy, h b nporpaMMy Bbicmero o6pa30Bamia. 
BcJieqcTBHe BHeqpeHHa b bbiciiihx yHe6m>ix 3aBeqeHHax Ka- 
3axcTaHa Kpedunmoii mexHonozuu o6ynenm, npotooinjui cy- 
mecTBeHHbie H3MeHefflia KaK b coqepacamiH o6yueHiM, Tax h 
b KOjmuecTBe uacoB, OTBOitUMbix Ha H3yueHHe npe^MeTOB ec- 
TecTBeHHOHayuHoro qiiKJia: <Jih3hkh h aCTpOHOMHH. B to ace 
BpeMa ecTecTB03HaHHe npn3BaHO o6ecnemiBaTb BcecTopoH- 
Hee pa3BHTne jihhhocth MOJioqoro ueuoBeKa 3 a BpeMa o6yne- 
Hlia H BOCnHTaHIW KaK B HIKOJie, TaK H B npOtjteCCHOHajIbHbIX 
yue6Hbix 3aBeqeHHax, a npn 6ouee yrny6jieHHOM o6yueHHH - 
h b BbicmeM yue6HOM 3aBeqeHHH. Pa6oTaa Haq HaifuoHCUibHou 
Modejibto o6pa306amw Ka3axcTaHa, nepeq neqaroraMH Henpe- 
MeHHO BCTau Bonpoc o KopeHHbix npeo6pa30BaHiwx coquajib- 
qoro 3aKa3a o6iqecTBa k Bbicmeq niKOJie qameil CTpaHbi. 

1. B HacToaiqee BpeMa o6yueqqe b By3e opqeqTHpoBaqo 
qa (jtopMqpoBaqqe y CTyqeHTOB npoHHbix qayuqwx suaimii 
uepe3 qayuqo-qpaKTHuecKHe qqtjtopMaqqq, Mqoro BHHMamia 
yqeJiaeTca coqepacaHiiio q peanbqbiM npaKTHuecKHM OTHorne- 
qiwM CTyqeHTa k 6yqytqeq qpotjteccHoqajibqoq qeaTejibHOCTH. 
CeroqHa cjioacHJincb xapaKTepqwe coBpeMeqqoMy pa3BHTiiio 
o6pa30BaHH5t Boo6iqe, b tom HHCJie Bbicmero, qpo6jieMbi: He- 
docmamoHHoemb 3hcihuu b caMofi (j>H3HHecKOH qayKe, cua6oe 
yMeqqe CTyqeHTa opqeHTHpoBaTbca b qqtjtopMaqiMX o coBpe- 
Meqqwx KOCMHHecKHX HCCJieqoBaHiiax b Mqpe q Ka3axcTaHe b 
npoqecce CBoeii qeaTejibHOCTH; HedocmamoHHoemb b o6pci30- 
eamejibHoii denmejibHocmu caMoro CTygema no noBoqy oco3- 
Haniw ce6a KaK cy6i>eKTa npotjteccqoHajibHoq qeaTejibHOCTH; 
HedocmamoHHoemb b caMoonpedejiemai ce6a b Bbi6paHHOH 
npOtjteCCHH, BblCTpaHBaHHJI C 06 cTBeHH 0 H npotjteccHOHajibHOH 
no3nqHH Ha ocHOBe petjtJieKcun npo<j>eccHOHajibHOH qeaTejib- 
HOCTH. B CB5I3H C 3THM, C BCe 6oJIbIHeH OCTpOTOH BbIHOCHTCa 
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BEWBJIEHHE YCJIOBHH 
OOPMHPOBAHHH Y CTY/JEHTOB 
OEII|EH OH3HHECKOH KAPTHHbl MHPA 
yUDI COBEPIHEHCTBOBAHHfl EYTTYITTEH 
nPOOECCHH 

MyxaMeqpaxiiMOBa EH. 1 , KaHq. neq. HayK 
KoKmeTaycKitii rocyqapcTBeHHbin yHimepciiTeT 
hm. IIIoKaHa yajinxaHOBa, Ka3axcTaH 
MyxaMeqpaxiiMOB K.Y 2 , KaHq. (j)H3.-MaT. HayK 
KoKineTaycKim rocyqapcTBeHHbin yHimepciiTeT 
hm. IIIoKaHa YajinxaHOBa, Ka3axcTaH' 

EBpa3HHCKHII HaHIIOHajILHLIH yffllBepCIITeT 
hm. JIbBa TyMHJieBa, Ka3axcTaH 2 

B CTame paccMOTpeHbi neKoiopf.ic acneKTbi ycnoBHH (jiopMiipoBa- 
1 1 iim y cry/iemou oomcii (jiuni'iecKoii KapTiiHbi Miipa. I lay'inoii hobii 3- 
Hoir uaiinoK.) HCCJieqoBamia aBJiaeTcs paccMOTpemie Tcn/ieimmi noBbi- 
mefflia ypoBHa Bbicmero o6pa30Bamia ;[o coBpeMeHHoro ypoBHa HayKH, 
TexHoaonm c no3mtnn e/uiiici Ba Tpex [ipe.iMcroii ccTCCTiiemionay'iFioro 
itmcjia - (Jhqhkh, acTpoHOMim ii oKOJicH iiu. hto iio'iisojiift TaioKe roymiTb 
ncHxoaonmecKini ypoBeHb BocnpuaTiia CTyneHTaMii 'Ijicmciitob acTpo- 
homhh b iiHTerpamm b (|)U3hkc. npiricM Ha ocHOBe 3Koaoni3amin. 

KjnoHeBbie cjiOBa: o6pa30BaHiie, ciicTeMa sko.ioi M iaiimi b o6pa- 
30BaHIIII, 3KO.IOI II'ICCKOC Mb! I IIJICF me. (jiH3HHecKaa KapTima Miipa. 

YuacTHHKH KOHiJiepeHmiii, I iaiuioFiajibiiom nepBeHCTBa 

no HayuHofi aHamiTiiKe, OTKpbiToro EBponeiicKO-A3naTCKoro 
nepBeHCTBa no iiayifioii ana.iin hkc 

npo6jieMa (JiopMqpoBaqiM y Kaacqoro rpaacqaHHHa npoijieccH- 
OHajIbHOH HHHqHaTHBbI H TBOpueCTBa, yMeHHH CaMOCTOHTeJIb- 
ho npqqHMaTb pemernw b pa3JiHHHbix 5KH3HeHHbix CHTyaqqax, 
KOTopwe MoryT B03HHKHyTb b npoijieccHOHajibHOH qeaTeJib- 
hocth Mojioqoro HeJiOBeKa. 

2 . AHajiH3 npoBeqeHHbix neqarornHecKHX HccJieqoBaqqq 
noKa3an, hto noqroTOBKa cnequajmcTOB ecTecTBeHHOHayHHO- 
ro HanpaBJieHHH - 3to He npocTO qaTb 3HaniM no y3KOH cneqq- 
ajibHOCTH 6yqyiqero cnequajiHCTa, a KponoTJiHBaa pa6oTa no 
pacmHpeHHio Kpyra ero no3HaHiw nyTeM BBeqeHiM HayHHO- 
n03HaBaTejIbH0H HII(|)OpMaHHH B KypC (J)H3HKH H aCTpOHOMHH 
Ha ocHoee sKOJiozmanuu sthx npeqMeTOB: HanpiiMep, 6yqy- 
iqHH cneqHajiHCT-6HOJior HMeeT cbohm o6T,eKTOM 6HOC(J)epy, 
KOTopaa HBJiaeTca niaBHbiM o6T>eKTOM KaK qua SKOJiornn, TaK h 
qua <j)H3HKH, aCTpOHOMHH. 

He 3arpoMoacqaa HayuHofi HHijiopMaqHeH ochobhoh yne6- 
Hbifi npeqMeT, moikho cucTeMHO h CTporo, b KpaTKoii h jiaKO- 
hhhhoh (jiopMe, npeqjiaraTb CTyqeHTaM (k npiiMepy, 6hojio- 
raM) Ty hjih HHyio HHijiopMaqHio no (j>H3HKe b HHTerpaqHH c 
acTpoHOMHefi h SKOJiorHeii. CjieqoBaTejibHO, npo6jieMa nodzo- 
rnoem 6 ydyufux cneifuajiucmoe no (j>H3HKe n acTpoHOMnn na 
ocHoee 3KOJiozii3aifuu oSyuemtn Ha coBpeMeHHOM 3Tane Tpe6y- 
eT oco6oro BHUManna. 

Hama pa6oTa nocBaiqeHa BecbMa aKTyajibHon n eiqe Ma- 
jionccJieqoBaHHOH npo6neMe: (popMupoeamie u pa3eumue 
npo(peccuoHcuibnou KOMnemenmnocmu 6ydyiqezo cneifucuiuc- 
ma b ycJioBnax yHHBepcnTeTa, t.k. stot 3Tan CTaHOBJicHna 
npo(j>eccHOHajibHOH KOMneTeHTHOCTH HMeeT cboio cneqmjiH- 
Ky, KOTopwii ocyiqecTBJiaeTca npn coBMecTHO-pacnpeqeJieH- 
hoh qeaTejibHOCTH KaK npenoqaBaTejia, TaK h o6ynaeMoro. 

A npoqyKTOM qeaTejibHOCTH CTyqeHTa aBJiaeTca npotpeccuo- 
HcuibHaa KOMiiemeitmuocmb. nosTOMy Hamit ycnjina b ycno- 
Biiax yqe6HO-no3HaBaTejibHOH qeaTejibHOCTH CTyqeHTa Ha 3 a- 
HaTHaX (j)H3HKH H aCTpOHOMHH OpHeHTHpOBaHbl Ha KOHeHHblH 

35 



GISAP 

PHYSICS, MATHEMATICS AND CHEMISTRY 

pe3ynbTaT - BwnycK cneiiiiaJiiicTa, roTOBoro TeoperaHecKii h 
npaKTHHecKH pemaTb npocjieccHOHaqbHbie 3aqaHH, yMeiomero 
C03qaBaTb, npHMCHHTb h KoppeKTHpoBaTb CHCTCMy npocjieccH- 
OHajibHofi qeaTeqbHOCTH. TaKHM o6pa30M, roTOBH yne6HO-Me- 
TOqHHeCKHH KOMIIJieKC «3KOqorH3HpOBaHHbIH KypC (j)H3HKH H 
acTpoHOMHH ea ocHOBe npeHMeTHoii HHTerpaqHH» hjih coBep- 
HieHCTBOBaHiM 6yqyiqeH npoc[>eccHii, HanpiiMep, 6HOJiora, mm 
pemajiH BecbMa HenpocTyio 3aqany: c odHoii cmopoHbi, coBpe- 
MCHHbie Tpe6oBaHiM k cneqnajiHCTaM-6HOJioraM TaKOBM, hto 
b qjiaqe 3HaHiia iiqeoqoraii h MeToqoqoniH o6iqeii 4>h3hkh h 
acTpoHOMHH KaK (JiyHqaMeHTaqbHbix qHcqiinqiiH, oqq npaKTH- 
necKH He qoiDKHbi yciynaTb Tpe6oBaHiiaM k npoiJieccHOHajib- 
hmm HaBMKaM, iiHane He 6yqeT (JiyHqaMeHTa qua toto, hto6m 
Ty hjih HHyio npo6neMy «yBiiqeTb b qejiOM»; c dpyzoii cmo- 
ponbi, 3aBeqoMO HeT bo3moikhocth o6ecneHHTb ecTecTBeHHO- 
HayHHyio noqroTOBKy 6yqyiqero cneqnajiHCTa-6HOJiora Ha tom 
ypoBHe, KOTopbiM qoJBKeH o6naqaTb cneqHajiHCT cooTBercTBy- 
roiqero ypoBHa 3HaHHH no pa3JiHHHMM npiiniiHaM. 

Co3qaHHe ycjiOBHH qua 6oaee scjxjieKTiiBHoro (JiopMHpoBa- 
Hua npoiJieccHOHaqbHOH totobhocth 6yqyiqHX cnequaqHCTOB 
03HanaeT qqa Hac co3qaHne TaKHX ycqOBHH o6yHCHiia, hto6m 
apopMupoeaHHoemb stoh npocjiecciiii 6bma b noqHofi Mepe ot- 
BenaioiqeH coBpeMeHHMM HayHHbiM qocTHaceHiiaM h npHpoq- 
HO-3KOHOrHHeCKHM, SKOHOMHHeCKHM Tpe6oBaHIMM K qaHHOH 
npoiJieccHH. KaK noKa3aqH Harnu onbiTHO-SKcnepiiMeHTaqb- 
Hbie pa6oTbi Ha npoTaaccHiiii yace paqa qer, TaKHe noqxoqbi 
0Ka3aqHCb 6oaee scjxjieKTHBHbiMii qqa pa3BHTna ccTecTBeHHO- 
HayHHoro noHUManna 3aKOHOB npHpoqbi npn (JropMHpoBaHiiH 
npoiJieccHH 6yqyiqero cneqnaqncTa-6Hoqora. 

3 . HeMaqoBaacHOH ochoboh qqa poqcTBa c npqpoqoii, a 
Taxace (JiopMHpoBaHna MopaqbHbix KanecTB qiiHHOcra Moqo- 
qoro neqoBeKa, choco6hocth MbicqHTb MacniTa6HO h npeq- 
BHqeTb B03M05KHbie nocqeqcTBHa qeaTeqbHOCTH neqoBeKa qqa 
OKpyacaioiqeH cpeqbi, qqa pa3BHTna hoboto B3rqaqa Ha «Ma- 
TyniKy»-IIpHpoqy h qaqbHeiimeH pa3yMHoii qeaTeqbHOCTH b 
npHpoqHOH cpeqe MoryT 6biTb ToqbKo rqy6oKHe sKOJiozunec- 
Kue 3namiM o IlpHpoqe. CeroqHa b cootb6tctbhh c mhpobm- 
mh TeHqeHqiiaMii HenpepbiBHO H3MeHaioTca Tpe6oBaHiia, ko- 
Topbie npeqT>aBqaioTca k SKOJiozmecKOMy o6pa3oeamao - b 
HacToaiqee BpeMa yace HeqocTaTOHHO npocTO yMeTb qHarHoc- 
THpoBaTb hctohhhk 3arpa3HCHHa nqn pa3pa6oTaTb npoeKT 
npoMbimqeHHoro npeqnpHaTna c yneroM SKoqoniHecKHX (JiaK- 
TopoB. XapaKTep coBpeMeHHbix SKoqoniHecKiix npoqeccoB h 
aBqcHHH TaKOB, hto qio6aa H3 hhx 6yqeT 3aTparHBaTb MHorne 
CTopoHM HeqoBeqecKOH qeaTeqbHOCTH, a sto o6a3MBaeT mo- 
qoqbix qroqeii, noqynaioiqHX Bbicmee o6pa30BaHne, noHHMaTb 
CyTb H HCTOHHHK B03HHKH0BCHHa TaKHX npo6qeM H 3HaTb H3- 
BecTHbie HayKe nyra npeoqoqeHna 3Koqorn l iecKiix npuHHH, 
onbiT no npeoqoqeHiiio He ToqbKo SKoqorHHecKHX nocqeqc- 
tbhh KaKnx-qH6o npoH3BoqcTBeHHbix qeaTeqbHOCTeii, ho h 
onbiT qroqeii no npeqynpeacqeffliro tbkhx npuHHH. 

npoBeqeHHbifi KOHTeHT-aHaqH3 neqarorHHecKOH qmepa- 
Typbi noKa3aq, hto npenoqaBaHHe npeqMeTOB ecTecTBeHHO- 
HayHHoro quraa HcnbiTbiBaeT onpeqeqeHHbie TpyqHOCTH h 
Maqyio pa3pa6oTaHHOCTb b npenoqaBaHHH 4>h3hkh h acTpo- 
homhh: b By30BCK0H nporpaMMe qHcqiinqi-iH qqa He<J)H3HHec- 
khx cnequaqbHOCTeii acTpoHOMiinecKHe h KOCMoaornnecKHe 
3HaHna HHorqa Boo6iqe BbinaqaioT c noqa 3peHna. Moqoqbie 
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qioqH noqnac BbiHyacqeHbi noqynaTb h HaKanquBaTb 3HaHna 
no acTpoHOMHH h KoeMoqorHH H3 cqynaiiHbix (nopoii, COMHI1- 
TeqbHbix, to ecTb HeHayHHoro npoHcxoacqeHiia) hctohhhkob. 

ripeoqoqeTb TaKyro TpyqHOCTb cqoaoio, ho He HeB03M05K- 
ho. IIo KpaHHeii Mepe, cyiqecTByeT npeqeqeHT. OqHHM H3 ny- 
Tefi aBqaeTca HHTerpaqqa 3HaHHH ecTecTBeHHbix qHcqiinqHH 
- tpu3UKu, xhmhh, 6uojiozuu, HayK o 3 eiwie , CojiHife u o Koc - 
Moce. 3thm mm xoTeqH 6m cnoco6cTBOBaTb ycnquaM HeKO- 
Topbix aBTopoB, HanpaBqeHHbix Ha to, hto6m BepHyTb qoqac- 
Hoe yBaaceHHe qroqeii k qpeBHeMy npeqMeTy - acmpoHOMm. 
npuneM, npo6qeMy bo3mo>kho pemaTb nyTeM nepeHoca nacra 
BonpocoB acTpoHOMHH b Kypc (Jih3hkh, apacmeopmf) ero B 
(J)H3HKe, noKa3aTb BaacHOCTb HHTerpaqun tpiaiiKii h acmpoHO- 
MUU B TeCHOH CB83H C npo6qeMaMH 3 KOJIOZUU, HTO 6eccnopHo 
qoqacHO 6mtb nojie3Hbui MeroqoM o6yHeHiia 6yqyiqHX cneqq- 
aqHCTOB-6HoqoroB. nosTOMy BaacHciiinuM acneKTOM coBpe- 
MeHHoro 3 KOJiozmecKozo o6pa3oeami}i mm BiiqHM b HayHHoii 
nponaraHqe h npimifiine nenpepueHocmu , hto ocyiqecTBHMO 
nyTeM uHmezpaifuu necKOJibKux ecmecmeeHHOHaymibix nped- 
Memoe. Ho b Harne paccMOTpeHHe BxoqaT BonpocM MeToqiiKH 
3KOJiozmecKoeo o6pa3oeanm TexHoqoniHecKoro o6iqecTBa c 
tohkh 3penna TaKiix (JiyHqaMeHTaqbHbix HayK o npnpoqe, KaK 
(pu3UKa u acmpoHOMUH b BbicmeM yne6HOM 3aBeqeHiin. KaK 
yace ynoMHHaqocb Bbirne, b BocniiTaHiin h (JiopMHpoBaHHH 
3KOJiozmecKux 3Hamiu Heo6xoqHMO ynacrae Bcex ecmecm- 
eeHHbix HayK 6e3 HCKqroHeHiia h o6oco6qeHiia KaKoro-qn6o H3 
hhx, TaK Ha3MBaeMaa unmezpaifim ecex KounoHeHtnoe o6pa3o- 
eamenbHozo npoifecca. 

D,eHHOCTb SKoqorHHecKHX (JiaKTopoB b npenoqaBaHHH ec- 
TecTBeHHbix HayK b tom, hto OHH qaroT npenoqaBaTeqro (J)H3H- 
kh OTnpaBHyro TOHKy npq H3qo5KeHiin nopofi cqoacHbix Bonpo- 
cob o CTpoeHHH Mnpa h BceqeHHoii dydyipexiy cnepuajiucmy 
(6Hoqory), KOTopbiii MoaceT CTaTbca h 3KcnepTOM-3KoqoroM 
qocTaTOHHO ninpoKoro npocJiHqa. Heqb3a OTpHqaTb, hto sth 
BonpocM He paccMarpiiBaroTca npenoqaBaTeqaMH (Jih3hkh, ho 
paccMOTpeHHe sKoqoniHecKHx (JiaKTopoB nocaT cKopee cny - 
uauHbiu xapaKTep. CaeqyeT TaKace otmcthtb, hto BbinoqHe- 
Hne qro6bix SKoqorHHecKHX pa6oT b coBpeMeHHbix ycqoBiiax, 
HanpiiMep 3KOJiozo-6uojiozmecKou 3Kcnepmii3bi rqo6aqbHoro 
iiqii MecTHoro Macnrra6a, oqeHKii pHCKa b KOHKpeTHOM perno- 
He Tpe6yer ot 6ydyufux 6uojiozoe xoponinx 3HaHiiii He ToqbKo 
no (J)H3HKe, ho h no aCTpOHOMIIII. 

nosTOMy, qeqbio Harnero HccqeqoBaHiia mm nocTaBiiqii 
pa3pa6oTKy h HayHHO-MeToqHHecKoe o6ocHOBaHiie MeToqiiKH 
3KOqOTH3HpOBaHHOrO Kypca (J)H3HKH II aCTpOHOMIIII Ha OCHOBe 
npeqMeTHoii iiHTerpaqiiH qqa coBepmeHCTBOBaHiia 6yqyiqeii 
npoiJieccHH (k npiiMepy, 6Hoqora) h (JiopMHpoBaHiia npoijiec- 
CHOHaqbHoii KOMneTeHTHOCTH 6yqyiqero cneqqaqHCTa b yc- 
qoBiiax KpeqnTHoii TexHoqorim o6yHeHiia, qqa yqyHineHiia 
npoiJieccHOHaqbHbix KanecTB CTyqeHTOB b npoqecce H3yHeHiia 
Kypca (j)H3HKH. 

B CBa3H c 3thm HaMii: 6biq npoaHaqH3HpoBaH h CHCTeMa- 
TH3HpOB3H H3yHeHHblil MaTepHaq O COBpeMCHHOM COCTOaHHeM 
CHCTeMM 3HaHHH - aBqcHiia, npoqeccbi h 3aKOHOMepHOCTH hx 
npoTeKaHiia, KOTopbie aBqaroTca o6iqiiMii qqa c|)H3hkh h acT- 
poHOMim c BBeqeHiieM BonpocoB SKoqorim, - nyTeM npoBe- 
qemia neqaroniHecKHX SKcnepHMeHTOB; 6biqii BbiaBqeHM h 
o6ocHOBaHM CTpyKTypHO-MeToqHHecKiie oco6eHHOCTH Kypca 
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06iqeH (j)H3HKH, aCTpOHOMHH H 3KOJIOTHH qqa (JlOpMIipOBaHIM 
Oyqyiqnx 6hojiotob Ha ocHOBe npeqMeTHOH HHTerpaiiiiH, on- 
peqeqeHbi hx coqepacaHHa h npeqqoaceHbi KpHTepHH OT6opa 
coqepacaHHa HHTerpaTHBHoro Kypca; 6bijih onpeqeqeHbi h 
pa3pa6oTaHbi MeToqw h nyra (JiopMHpoBaHHa h eoBepmeHC- 
TBOBaHHH npocJieccHH 6HOJiora Ha ocHOBe SKoqormaqHH 
npeqMeTOB 4>h3hkh h acTpoHOMHH, Ha ocHOBe Hero pa3pa6o- 
TaHbi h co3qaH KOMnjieKC yqeOHO-MeToqHHecKHX nocoOiiH no 
npeqMeTy nccqeqoBaHHa, KaK Ha Ka3axcKOM, Tax h Ha pyccKOM 
H3WKax; pa3pa6oTaHa KOHqenTyaqbHaa Moqejn. 3KoqorH3Hpo- 
BaHHoro Kypca 4>h3hkh h acTpoHOMHH Ha ocHOBe npeqMeTHOH 
HHTerpaqHH qua coBepmeHCTBOBaHHa npocJieccHH 6HOJiora; 
6bIJIH TeOpeTHHeCKH o6oCHOBaHbI KpHTepHH H nOKa3aTeJIH 
roTOBHOCTH CTyzieHTOB k pa6oTe 6nojiora, ocymecTBJieHa 
nosTanHaa SKcnepHMeHTajibHaa npoBepKa 3(}>(}>eKTHBHOCTH 
npeqjiaraeMOH MeToqHKH b CHCTeMe Bbicmen hikojibi; nepe3 
onpeqeJieHHe ypoBHa ecjiopMHpoBaHHOCTH ochobhbix 3H3hhh, 
yMeHHH H HaBbIKOB BbiaBJieHa H o6oCHOBaHa 3(})(}>eKTHBHOCTb 
C03qaHH0H KOHqenTyajibHOH Moqeqn 3KOJiorH3HpoBaHHoro 
Kypca (})H3hkh h acTpoHOMHH Ha ocHOBe npeqMeTHOH HHTer- 
paqHH qqa coBepmeHCTBOBaHna npocjieccHH 6HOJiora; 6buia 
paccMOTpeHa TeHqeHqua noBbimeHiia ypoBHa o6pa30BaHHa 
CTyzieHTOB 6HOJiorHHecKoro HanpaBJieHHa qo coBpeMeHHoro 
ypoBHa (J)H3HHecKOH nayKH c no3Hqnn eqHHCTBa Tpex npeq- 
MeTOB ecTecTBeHHOHayHHoro qHKJia - 4>h3hkh, acTpoHOMHH h 
3KOJIOTHH, HTO n03B0JIHJI0 TaiOKe H3yHHTb nCHXOJIOrHHeCKHH 
ypoBeHb BocnpHaTiia CTyqeHTaMH 6HOJiorHHecKHX cneqnajib- 
HOCTeH 3JieMeHTOB acTpoHOMHH H 3KOJIOTHH b HHTerpaqHH c 
(J)H3HKOH. 
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DETERMINATION OF EXPERT QUALITY OnPE/JEJIEHHE 3KOIEPTHBIX OHEHOK 
ASSESSMENTS KAUECTBA 


A. Kryukov 1 , Doctor of Economic sciences, Full Professor, 

Head of a Chair 
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For automatic processing of expertise results at assessment of the quality 
of work the algorithm of detection of the expert quality assessment on the basis 
of indexes of the assessment matrix lines was built. Methods of assessment of 
quality of products, works or services require the use of subjective marks of 
experts. It is possible to use the grading system of quality indicators for the 
express-assessment of quality of production. 

Keyword: expertise results processing, quality assessment, algorithm, 
express-assessment, grading system. 
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A jiropHTM onpe^ejieHHH 3KcnepTHbix ohciiok KanecTBa 

fifl aBTOMaTH3HpOBaHHOH o6pa60TKH pe3yJIBTaTOB 3K- 
cnepTH3 npH oiiemce KanecTBa ohchkh nocTpoeH anropHTM 
BBIHBJieHHH 3KCnepTHOH OHeHKH KaHeCTBa Ha OCHOBe 3Ha- 
HeHHH CTpOK MaTpHHBI OHeHKH \Q \. MaTpHHa OHeHKH no 
m - noKa3aTejiHM npn onpenejieHHH nojiyneHa npoH3Bene- 
HneM MaTpHHBi BecoBBix K03(|xj)HHHeHT0B noKa3arejieH Ka- 
necTBa \C.J h MaTpHHBi hbohhhbix noKa3aTejieH 3KcnepTHBix 
OHeHOK |3..| no KaacnoH n - rpynne mm- noKa3aTejieH, hc- 
nojiB30BaHHBix 3KcnepTaMH hhh OHeHKH KanecTBa noTeHHHana 

m=\ omi- 

3to no3BOJiaeT hmgtb MaTpqqqyio 6a3y 3KcnepTHbix oqe- 
hok [1] KanecTBa q ycTaHOBHTB c KaKoro qqcna SKcqepTOB k 
MoaceT 6 bitb o6ecqeqeqa 3aqaqqa« BepoaTHOCTb qcuiyqeqqfl 
KaHecTBeHHOH oqeHKH — p h ee qocTOBepqaa BCJiqqqqa b 
oqeqice - O. /Jna 3Toro qpeqnaraeTca CJieqyioqqiq anropqTM 
(pec. 1): 

Hanajio 


KpioKOB A.®. 1 , /i-p 3 koh. Hayx, npo(j)., 3aB. KafjienpOH 
KpioKOBa H.A. 2 , npenonaBaTejiB 3 kohomhkh 
C ndnpcKHH (jienepajiBHBiH yHHBepcHTeT, Pocchr 1 
C1H N 2 10 MO r. KpacHoapcKa, Pocchr 2 

B padoTe ana aBTOMaTH3upoBaHHOH odpadoTKH pe3ynbTaTOB 3K- 
cnepTH3 npu oueHKe ee KanecTBa nocTpoeH anropHTM BbWBJieHHa 
3KcnepTHoii ohchkh KanecTBa Ha OCHOBe 3HaneHHH CTpoK MaTpHHbi 
oueHKH. MeTOHbi ohchkh KanecTBa H3HeJiHH, pa6oT h ycnyr TpedyioT 
Hcnojib30BaHHa cydteKTHBHbix ohchok 3KcnepTOB. JJjw 3Kcnpecc- 
oueHKH KauecTBa nponyKHHH mo>kho Hcnojib30BaTb danbHyio CHCTeMy 
no noKa3aTejiaM KauecTBa 

KjiiOHeBbie cjioea. 06pa6oTKa pe3ynbTaTOB 3KcnepTH3. OueHKa 
KanecTBa. AnropHTM. OKcnpecc-oueHKa. EanbHaa CHCTeMa. 

YnacTHHKH KOHtJ)epeHHHH, HaunoHajibHoro nepBeHCTBa 

no HaynHOH aHajiHTHKe, OTKpbiToro EBponeHCKO-A3HaTCKoro 
nepBeHCTBa no HaynHOH aHajiHTHKe 

3KcnepTbi b oueHKe KanecTea noTpedHTejibCKHx 
CBOHCTB TOBapa 

MeTOHBi OHeHKH KanecTBa h3HCJ1hh, padoT h ycnyr Tpe- 
6yiOT HCn0JIB30BaHHH CydbeKTHBHBIX OHeHOK 3KcnepTOB. 
JJjin 3Kcnpecc-OHeHKH KanecTBa nponyKHHH mo>kho nenojiB- 
30BaTB n - dajiBHyio CHCTeMy no m - noKa3aTejiHM KanecTBa. 
B 3 tom cjiynae CTpoHTcn MaTpHHa BecoBBix K03(|xj)HHHeHT0B 
noKa3aTejien KanecTBa h 3anojiHneTcn MaTpHHa 3KcnepTOB, 
ynacTByioiHHX b OHeHKe. /],0CT0BepH0CTB ohchkh KanecTBa 
H3HCJIHH 3aBHCHT ot HHCJia 3KcnepTOB, ynacTByioiHHX B OH- 
HOBpeMeHHOH OHeHKe. TpedyeTcn odocHOBaTB MHHHManBHoe 
hhcjio 3KcnepTOB, odeenenHBaioiHHx 3auaHHyio BepoHraocTB 
nojiyneHHH nocTOBepHoro KanecTBa nponyKHHH. B ocHOBy 
3 toto paeneTa jiokht paBeHCTBo HOBepHTejiBHBix HHTepBanoB 
OTKJIOHeHHH B OHeHKe KaHeCTBa npOHyKHHH. npH 3TOM HOBe- 
pHTeJlBHBIH HHTepBaJI OTKJIOHeHHH, BBIHHCJieHHBIH no HOnyC- 
THMOH BepOHTHOCTH MaTeMaTHHeCKOTO 0>KH,ZiaHHfl CJiyHaHHOH 
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Phc. 1. AjiropHTM 











BenHHHHBi ypoBHfl KanecTBa, ^oji^ceH 6 bitb paBeH .aoBepH- 
TeJIBHOMy HHTepBaJiy OTKJIOHeHHH H3MepeHHOH BeJIHHHHBI, 
onpe^ejieHHOMy nepe3 cpe^HeKBaapaTHHHoe oTKJioHeHHe cjiy- 
HaHHOH BeJIHHHHBI H K03(J)({)HIIHeHT CTBIOfleHTa [1], BeJIHHHHBI 
KOTOpBix 3aBHcaT ot HHCJia 3KcnepTOB, ynacTByiomHX b oijeH- 
xe KanecTBa npojiyKHHH. 

Tor^a AO - .HOBepHTeJIBHBIH HHTepBaJI OTKJIOHeHHH B 
oiieHKe KanecTBa H3,nejiHH nepe3 ^onycTHMyio BepoaTHocTB 
hx BBicoKoro KanecTBa - p bbihhcjihm no cjie^yiomeMy BBipa- 
^ceHHio: 


a O p ~(\-p)lpYZ°iJ lk - 

u = 1 M 

rqe Cl - oqeHKa i - KanecTBa j - SKcnepTOM, 
m - hhcjio noKa3aTeJieii KanecTBa, 
k - hhcjio SKcnepTOB. 

OflHOBpeMeHHO qOBepHTejIBHBIH HHTepBaJI OTKJIOHCHHH 
b H3MepeHHOH SKcnepTaMH oqeHKe KanecTBa qpoqyKqHH ne- 
pe3 cpeqHeKBaqpaTHHHoe OTKJioHeHHe -an K03<j><j>HnneHT 
CTbioqeHTa - 1 paBeq 


I 


Z ZZ 0,/k-^o, 



J\na oOecneneHiia CTaTHCTHHecKOH HaqexcHOCTH Bbinoji- 
HeHHbix 3KcqepTaMH oqeHOK Heo6xoqHMO, hto6bi nepe3 A O p 
h A O oOecnenHBajiocb HepaBeHCTBo 

AO > AO . (1) 

pa v ' 


IIpH 3aqaHHbix ypoBHax BepoaTHOCTH KanecTBeHHOCTH 
qpoqyKqHH (0.9; 0.95; 0.99) nocjie npeo6pa30BaHiia Hepa- 
BeHCTBa (1) onpeneJiaeM MHHHMajibHoe hhcjio 3KcnepTOB k. 
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KOTopoe Heo6xo^HMo HMeTB ana TexymeH oijeHKH KanecTBa 
npoziyKiiHH 


a -p)i P >t 0 


Za-*Z<VZZo*) 2 


k- 1. 


i = i 


( 2 ) 


HepaBeHCTBo (2) CBa3biBaeT BepoaTHOCTb qocTOBepHOCTH 
HJia noJiyneHiiH KanecTBeHHOH npoqyKqHH -pc BGJiHHHHaMH 
t h o, KOTopwe 33BHC5IT ot HHCJia SKcnepTOB, ynacTByioiqHX 
b oqeHKe. IlMea MaTpqqy ctojiOhob BecoBbix K03(J)(J)HqHeH- 
tob |C..| qjis napaMeTpoB KanecTBa h MaTpqqy CTpoK oqeHOK 
SKcnepTOB |3..| b hbohhhoh CHCTeMe no napaMeTpaM KanecTBa, 
onpeqeJiaeM MaTpqqy SKcnepTHbix oqeHOK \0.\ KaK npoH3Be- 
qeHHe MaTpuqbi BecoBbix K03<jx|>HqHeHT0B h MaTpiiqu oqeHOK 
SKcnepTOB no BbipaxceHHio (3): 


|0 ff | = |C..|x|3..|. (3) 

B n - 6ajibHOH CHCTeMe SKcnepTHOH oqeHKH KanecTBa 
npoqyKqHH KaacqbiH j - SKcnepT 3anojiHaeT no CBoeMy HOMepy 
oqHy CTpoKy MaTpuqbi |3 |. B cTpoKe HMeeTca m - noKa3aTe- 
jieii KanecTBa, crpynnHpoBaHHbix b r — rpynn KanecTB. B Kaac- 
qoH H3 rpynn SKcnepT b cooTBercTBHH co CBoeii KBajiniJiHKa- 
qneH no BbiaBJieHHbiM HeqocTaTKaM npoqyKqnH BbicTaBJiaeT 
oqeHKy 0 jih6o 1 no noKa3aTejiaM r - rpynnw. 

TaKHM o6pa30M, b KaxcqoH CTpoKe MaTpnqbi |3 | hojdkho 
6biTb r - eqHHHn h (m - r) - HyjieH. noqcTaBHB b HepaBeHCTBo 
(2), noJiyHeHHbie 3HaHeHna O h Ta6jiHHHbie 3HaHeHiia, bhhhc- 
jiaeM MHHHMajibHoe hhcjio SKcnepTOB k, oOecnenHBaioinHX 3a- 
qaHHyio BepoaTHOCTb qocTOBepHOCTH KanecTBa npoqyKqHH -p. 


References: 
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The American International Commercial Arbitration 
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^Co urt LLC - international non-government 
independent permanent arbitration institution, 
which organizes and executes the arbitral and other 
alternative methods of resolution of international 
commercial civil legal disputes, and other disputes 
arisingfrom agreementsand contracts. 

The Arbitration Court has the right to consider 
disputes arising from arbitration clauses included into 
economic and commercial agreements signed 
between states. 

Upon request of interested parties, the Arbitration 
Court assists in the organization of ad hoc arbitration. 
The Arbitration Court can carry out the mediation 
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AMERICAN INTERNATIONAL 
COMMERCIAL 
ARBITRATION COURT 
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For additional information 
please visit: 

court-inter.us 


INTERNATIONAL ACADEMY OF 
SCIENCE AND HIGHER EDUCATION 



International Academy of Science and Higher 
Education (IASHE, London, UK) is a scientific 
and educational organization that combines 
sectoral public activities with the 
implementation of commercial programs 
designed to promote the development of 
science and education as well as to create 
and implement innovations in various 
spheres of public life. 


Activity of the Academy is While carrying out its core activities the Academy also implements 
concentrated on promoting of the effective programs in other areas of social life, directly related to the 
scientific creativity and increasing dynamics of development of civilized international scientific and 
the significance of the global educational processes in Europe and in global community, 
science through consolidation of 

the international scientific society, Issues of the IASHE are Scientific digests of the GISA.P project 
implementation of massive inno- distributed across Europe and ^ ayailable for acqua i ntance an d 

vational scientific-educational A ^ nca ' wldel T Presented m hase yia such world famous book _ 

catalogues or biggest scientific r 

projects. ° °° i • j 

F J and public libraries of the United trading resources as amazon.com and 

Kingdom. bookdepository.co.uk. 
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GISAP Championships and Conferences 2014 


Branch of science 

Dates 

Stage 

Event name 

AUGUST 

Physics, Mathematics, Chemistry, 

28.08-02.09 

II 

Properties of matter in the focus of attention of modem theoretical 

Earth and Space sciences 

doctrines 

Technical sciences, Architecture 

28.08-02.09 

II 

Creation as the factor of evolutionary development and the society’s 

and Construction 

aspiration to perfection 

SEPTEMBER 

Psychology and Education 

17.09-22.09 

III 

Interpersonal mechanisms of knowledge and experience transfer in the 
process of public relations development 

OCTOBER 


Problems of combination of individualization and unification in 
language systems within modern communicative trends 

Cultural and historical heritage in the context of a modern outlook 
formation 


NOVEMBER 


Medicine, Pharmaceutics, Biology, ^ jq 11 III Techniques of ensuring the duration and quality of biological life at the 
Veterinary Medicine, Agriculture ' present stage of the humanity development 


Philology, linguistics 02.10-07.10 

Culturology, Art History, „ 

Philosophy and History ' ' ' 


Economics, Management, Law, 

Sociology, Political and Military 20.11-25.11 
sciences 


Influence of the social processes globalization factor on the economical 
and legal development of states and corporations 


DECEMBER 


Physics, Mathematics, Chemistry, 04 ] 2 09 12 
Earth and Space sciences 


jjj Variety of interaction forms of material objects through a prism of the 
latest analytical concepts 


Technical sciences, Architecture 
and Construction 


18.12-23.12 


HI Target and procedural aspects of scientific and technical progress at the 
beginning of the XXI century 



WORLD RESEARCH 
ANALYTICS 
FEDERATION 



esearch Analytics Federations of various countries and continents, as 
well as the World Research Analytics Federation are public associations 
^.created for geographic and status consolidation of the GISAP 
participants, representation and protection of their collective interests, 
organization of communications between National Research Analytics 
Federations and between members of the GISAP. 

• ederations are formed at the initiative or with the assistance of official 
partners of the IASHE - Federations Administrators. 



federations do not have the status of legal entities, do not require state 
registration and acquire official status when the LASHE registers a 
corresponding application of an Administrator and not less than 10 
members (founders) of a federation and its Statute or Regulations adopted by the 
founders. 
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